
THE USE OF THE LANGMUIR PROBE 

TO DETERMINE ELECTRON DENSITIES 

SURROUNDING RE-ENTRY VEHICLES 

Prepad for: 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
IAN- RESEARCH CENlER 
HAMPTON, VIRGINIA 

By: w. E SClrmJman 
COMRACT NASt-2967 



m 

8 , I  

. . I )  

. .. 

> .  . 

.. . 
’. , 

1 .  

FINAL REPORT 

FOR A STUDY PROGRAM 

TO DETERMINE MAGNETIC PROPERTIES 

OF JPL SPACECRAFT ELECTRONIC COMPONENTS 

1-61042- 1 

.:anuary 1964 

Prepared  for 

.JET PROPULSION LABORATORY, 
California Institute of Technology, Pasadena, California 

Sponsored by the National Aeronautics and Space Administration 
Under NASA Contract NAS 7-100  

TEXAS INSTRUMENTS INCORPORATED 
Apparatus Division 

6000 Lemmon Avenue 
P .O.  Box 6015 

Dallas 22, Texas 

. 



FINAL REPORT 

FOR ASTUDY PROGRAM 

TO DETERMINE MAGNETIC PROPERTIES 

OF JPL SPACECRAFT ELECTRONIC COMPONENTS 

1-61042-1 

January 1964 

Prepared for 

JET PROPULSION LABORATORY, 
California Institute of Technology, Pasadena, California 

Under Contract No.  BE4-217626 

TEXAS INSTRUMENTS INCORPORATED 
Apparatus Divi si0 n 

6000 Lemmon Avenue 
P . O .  B o x 6 0 1 5  

Dallas 22 ,  Texas 



TABLE O F  CONTENTS 

Section Ti t le  Page 

I INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

A. History and Purpose of Study P rogram . . . . . . . . . .  1 
B. Work Statement. . . . . . . . . . . . . . . . . . . . . . . . . .  1 
C. Compliance With Work Statement . . . . . . . . . . . . . .  2 

I1 PLAN TO MEASURE MAGNETIC PROPERTIES 
OFCOMPONENTS. . . . . . . . . . . . . . . . . . . . . . . . . .  2 

A. Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
B. Recommended Plan . . . . . . . . . . . . . . . . . . . . . . .  3 

1. Study the Problem of Magnetization Stability . . 3 
2. Send Questionnaire to  Manufacturers 

and Order  Parts . . . . . . . . . . . . . . . . . . .  3 
3. Component Measurement . . . . . . . . . . . . . . .  6 

a. Test  Apparatus . . . . . . . . . . . . . . . . . .  7 
b. Tes t  Procedure.  . . . . . . . . . . . . . . . . .  11 
c. Cataloging the Data . . . . . . . . . . . . . . .  13 

C. Analyzing and Using the Data. . . . . . . . . . . . . . . . .  13 
D. Tes t  P rogram Schedule . . . . . . . . . . . . . . . . . . . .  15 

111 A STOCHASTIC APPROACH TO THE PROBLEM O F  
ALLOWABLE MAGNETIC MOMENTS IN A 
SPACEVEHICLE . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

A. 

B. 
C. 
D. 
E. 
F. 

G. 
H. 
I. 

J. 
K. 
L. 

Scope of the Problem and a n  Approach to  
Its Solution..  . . . . . . . . . . . . . . . . . . . . . . . . .  16 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
Introduction to the Derivation . . . . . . . . . . . . . . . .  19 
Derivations of Probability Density Functions . . . . . .  19 
The Case of Assumed Probability Density Functions 

24 
24 
30 

From the Model . . . . . . . . . . . . . . . . . . . . . . .  31 

of the Random Variables. . . . . . . . . . . . . . . . . .  
Extension to N Dipoles . . . . . . . . . . . . . . . . . . . . .  
Determination of Component Parameters 

Example for a Spherical Package . . . . . . . . . . . . . .  

Other Physical Configurations . . . . . . . . . . . . . . . .  33 
Probability of Magnetic Stability . . . . . . . . . . . . . .  34 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

... 
::: 



TAI3L.E O F  CONTENTS (Continued) 

Section 

IV 

Page 

35 

Title 

CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . . . . 
APPENDIX 

A. Components for  Magnetic Evaluation 
B. Explanation of Statistical T e r m s  

LIST O F  ILLUSTRATIONS 

Figure Title Pa -.e 

Typical Manufacturer Questionnaire . . . . . . . . . . . . . . . . 
Typical Letter to Manufacturer . . . . . . . . . . . . . . . . . . . 
Component Measurement Test Setup . . . . . . . . . . . . . . . . 
Active Bandpass Filter, 2 -8 CPS . . . . . . . . . . . . . . . . . 
Typical Data Sheet. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Suggested Schedule for  Measurement P r o g r a m  . . . . . . . . . 
The Spherical Coordinate System . . . . . . . . . . . . . . . . . . 
Probability Density Functions p(m), p ( r i ) ,  p(d)l), p(421, 

Probability Density Functions of p(@) and p(@) . . . . . . . . . 
Uniform Probability Density for  One Dipole . . . . . . . . . . . 
The Electronics Package as a Truncated Sphere . . . . . . . . 
A Cross  Section of the Truncated Sphere . . . . . . . . . . . . . 
Formation of a Histogram. . . . . . . . . . . . . . . . . . . . . . . 

p(el) ,  p(e2)  . . . . . . . * .  . e . .  . . . . . . . . . . . . . . . . . 

4 
5 
8 

10 
12 
14 
20 

27 
28 
31 
32 
32 

B -2 

9 
10 
11 
12 

B - 1  

iv 

' f  I 
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Apparatus Division 

6000 Lemmon Avenue 
P . 0 ,  Box 6015 

Dallas 22, Texas 

January 1964 

FINAL REPORT 
FOR ASTUDY PROGRAM 

TO DETERMINE MAGNETIC PROPERTIES 
OF J P L  SPACECRAFT ELECTRONIC COMPONENTS 

1-61042-1 

I. INTRODUCTION 

A. History and Purpose of Study Program 

Texas Ins t ruments  has been engaged i n  building magnetometers 
for  antisubmarine warfare for a number of years .  In connection with recent 
magnetometer developments, a great deal of effort was directed toward 
evaluating the magnetic characteristics of components and hardware and a l so  
developing new nonmagnetic, o r  "magnetically clean, I' devices. This experience 
was applicable to  building "magnetically clean" spacecraft; therefore, our 
experience and aid was offered to the Je t  Propulsion Laboratory in the form 
of a study program. 

B. Work Statement 

The r e s u l t  of the offer was Contract No.  BE4-217626 for a 4-month 
study program beginning September 1963. The work statement for  this program 
consisted of: 

1. Preparation of a plan for a program to determine the 
magnetic properties of spacecraft electronics components 
to  include: 

a. Determination of a list of components to  be evaluated 
based primarily on the J P L  Prefer red  Parts List. 

Determination of a standard test for measuring 
components. 

b .  

2. Compilation of a handbook of t e rms ,  foFmulas, un i t s ,  and 
measuring methods pertaining to magnetic properties. 

1 



3 .  A s t u d y  of the possibility of defining a statistical model for 
the magnetic field of a spacecraft which could be used a s  
a tool in, 

a, 

b .j 

Setting subsystem magnetic field specifications. 

Determining probable stability of measured or postulated 
magnetic fields. 

C ,  Compliance With Work Statement 

Item 1 ,  a plan for a measurement program to determine the mag- 
netic fieids of components is outlined i n  Section JI of this report. The list of 
components for magnetic evaldation (Appendix A) was based on the J P L  
Prefer red  Pa r t s  List and component usage lists for the Mariner C spacecraft. 

Since Item 2 ,  the handbook, will probably be the most widely 
circulated portion of this report ,  it has  been boclnd separately as Texas 
Instruments Report N o ,  L 61042-2. 

Item 3 ,  the discussion of a statistical model fo r  the magnetic field 
of a spacecraft 
the statistical t e rms  baed i n  Section I11 is provided in Appendix B. 

i s  included a s  Section 111 of this report. An explanation of 

a. PLAN TO MEASURE MAGNETIC PROPERTlES OF COMPONENTS 

A, Objectives 

The primary objective of this measurement program will be to 
compile a Preferred Par t s  List  which designers can use when developing 
hardware for  a spacecraft having a minimum magnetic field. 

In order  to  rea1:ze this Objective, a number of secondary objectives 
must be realized 

1. 

2 .  

Standardize methods of gathering data. 

Determine the total magnetic field of each component type 
tested, 

3 .  Determine the magnetization stability of the total magnetic 
field. 

4.  Based on (2 )  and f 3 ) ,  determine practical classifications for 
nonmagnetic devices. 

Compile a parts list of nonmagnetic components along with 
necreseary manufacturing controls and test  data. 

Make manufacturers aware of the market and requirements 
for nonmagnetic components I and lay the groundwork for 
the modification of standard devices t o  remove magnetic 
i n c h  sions 

5 .  

6 .  



B. Recommended Plan 

1. Study the Problem of Magnetization Stability 

One of the primary goals of the present study program has 
been the determination of a standardized test for measuring magnetic fields 
of components. An additional problem is determining how stable these c g r a c -  

Per i s t ics  a r e  a s  the environment varies. Ideally, nonmagnetic components 
could be found for  every requirement; it is probable that components with 
some degree of permanent magnetization will have to be used. Therefore,  
it is a l so  necessary to determine how much the magnetization will change 
during system testing and spacecraft launching. 

w ---- - 

There a r e  too many unknown factors at present to specify a 
method or procedure for determining magnetization stability of a component. 
Therefore,  additional study to  devise and evaluate methods of measuring 
magnetization stability should be included i n  the first phase of the measure-  
ments program. The study will  consider the various measurable magnetic 
characterist ics which a r e  directly or indirectly connected with the magnetiza- 
tion stability of a component. The various environments (vibration level, 
temperature,  magnetizing force, etc. ) will also be evaluated i n  t e rms  of their 
effect on magnetization stability. Tests designed to acquire data which may be 
used to predict or  specify magnetization stabilities will then be devised. The 
most difficult part will be to  apply data and resul ts  taken in  controlled environ- 
ments to the general problem of magnetization stability during spacecraft test  
and launch. A great deal of t r ia l  and e r r o r  experimenting will be required, 
but the effectiveness of the stability measurements will not be fully known 
until a large amount of documented experience is gained with complete 
spacecraft 

2. Send Questionnaire to Manufacturers and Order Pa r t s  

The majority of the measurements program will involve 
measuring components. In order that the data be useful, enough information 
about components must be known to a s su re  that additional identical units can 
be purchased at a later date. Since the magnetic characterist ics depend on 
raw materials,  plating processes,  and heat treatment processes,  this 
information must be either known or the process  specifications must be 
contr 011 ed . 

The questionnaire and cover le t te r ,  Figures 1 and 2, a r e  
examples of how the required information m a y  be  obtained, These would 
accompany the purchase order for the components to be measured. By 
directing the inquiry and purchase order to the manager of marketing, the 
manufacturer is made aware of the requirement and impending market for 
nonmagnetic components. This procedure should result in  better manufacturer 
cooperation and should aid i n  setting purchase contingency requirements for 
future component orders .  



1. 

2 .  

3. 

4. 

5 .  

DATE: 

Ma nufa ct  u r  e r 

I t e m  Descript ion 

hffgr.  P a r t  Number 

I s  t he re  a control  drawing number o r  o r d e r  number which, if specif ied on 
a future  purchase  o r d e r ,  would control all manufactur ing p r o c e s s e s  and 
m a t e r i a l s ?  If so ,  please give the number and rev is ion  l e t t e r  which per ta ins  
t o  p a r t s  sen t  on this  o r d e r .  

To help u s  de t e rmine  problem a r e a s  i n  magnet ic  components ,  p lease  check 
any of the following ferromagnet ic  e lements  o r  alloys used i n  the  above 
components.  If a n  a s sembly  drawing showing p a r t s  and m a t e r i a l s  is ava i l -  
a b l e ,  please include it with the component shipment .  

- 

Iron 

Nickel 

Dumet - Kovar 

Rodar Copperweld 

Cobalt Inconel ( X ,  R ,  et c. ) lnvar  

Steel ( incl .  s t a in l e s s )  Monel 

E 1 i nva r - B r a s s  ( se lec t ive ly  
nonmagnetic ) 

Nilvar  

F e r  r i t e s  

Other  

6 .  11 you use a n y  of the above ma te r i a l s ,  can  you subst i tute  a nonmagnetic 
m a t e r i a l  such  as  copper (pu re  or  t inned) ,  magnes ium,  a luminum,  b e r y l -  
l iuin copper ,  phosphor b ronze ,  pure  s i l v e r ,  Alloy 180,  c e r a m i c s  (a lumina 
o r  be ry l l i a ) ,  e t c .  ? 

7 .  

- , I  
0 .  

9 .  

Are  any plating p r o c e s s c s  used i n  which any of the me ta l s  l i s t ed  i n  

I f  y e s ,  what is the plating mater ia l  ?' 

Since the magnetic p rope r t i e s  of a component a r e  p r i m a r i l y  due t o  the  
case  and l e a d s ,  i t  is possible  to magnetically group components of 
identical  construct ion but different e l ec t r i ca l  p rope r t i e s .  Do you have 
other  products  (or product famil ies)  which use the identical  package and 
lead mater ia ls  and p r o c e s s e s  as the components supplied o n  th i s  o r d e r ?  

If y e s ,  p lease  l i s t  on the r e v e r s e  s ide  of th i s  f o r m  or on a s e p a r a t e  sheet .  

R e m a r k s  

P a r a g r a p h 5  a r e  a l so  plated i n  the s a m e  b a t h ?  Yes KO 

Y e s  h' o 

Figure  1. Typical Manufacturer Quest ionnaire  

4 



Manager of Marketing 

0 ABC Company 

12 3 1 Elm Street 

New York, New York 

Dear Sir .  

Your product is  being considered for a preferred parts l is t .  The l ist  will be 

used for spacecraft which car ry  a n  experiment to measure magnetic fields. 

The components aboard such spacecraft must be nonmagnetic i n  order  not to 

interfere  with the measurements.  Therefore, we a r e  evaluating the magnetic 

characterist ics of components and hardware and will compile the test results 

into a l i s t  of preferred parts.  

We wish to evaluate the representative samples of your products listed 

on the attached purchase order .  A questionnaire i s  also attached which will 

be used to 

I .  

2. 

Assist u s  in developing a l is t  of nonmagnetic components. 

Determine what parts of an i tem a r e  magnetic and whether it is 

worthwhile to attempt to develop new devices with the magnetic 

parts replaced with substitute nonmagnetic materials.  

3 .  Make certain that, after an item is  evaluated, additional items 

can be purchased at a later date which will be fabricated exactly 

as  the evaluated units. 

Spacecraft carrying magnetic probes will represent an appreciable 

portion of the future unmanned spacecraft market.  Therefore. this inquiry 

has been directed to you so that proper attention will be given it and you will 

not inadvertently be eliminated from a future market. Any additional informa- 

tion which might aid our evaluation wi l l  also be appreciated. 

Very truly yours,  

Figure 2 .  Typical Letter to Manufacturer 

5 



The components to be ordered for  magnetic evaluation a r e  
l isted i n  Appendix A ,  The list  contains necessary ordering information to 
include manufacturer identification and part number, test  quantities and, if 
applicable, the number of different production lots f rom which the total test  
quantities a r e  to be sampled; i . e . ,  a notation of 20-4 indicates that a total of 
20 samples a r e  to be tested with five samples taken from each of four different 
production lots. As testing progresses,  additional quantities of some items 
will need to be tested due to large variations i n  r e s i l t s  or in order to better 
define the statistical distribution of component magnetic field intensity. The 
quantities specified a r e  arbi t rary,  as  there is not, as present, sufficient 
component data to justify statistical sampling by procedures such as given i n  
MIL-STD-I 05D, Sampling Procedures and Tables for  Inspection by Attributes. 

While it may be desirable eventually to limit the amount of 
components on a Nonmagnetic Preferred Pa r t s  Lis t ,  i t  i s  strongly recommended 
that such a limitation not be  applied to the components selected f o r  testing. It 
is quite likely that the size of the Preferred Par t s  List will be limited by the 
results of component tes ts .  

3 .  Component Measurement 

One of the goals of this contract was to determine a preferred 
method fo r  measuring the magnetic effects of electronic components. The prime 
considerations for  a preferred method included accuracy, repeatability, 
simplicity, high sensitivity (in the order of 0.1 gamma), and relatively low 
cost It was also considered highly desirable, although not mandatory, that the 
measurement system operate i n  a laboratory environment withoat elaborate 
and expensive field cancellation mechanisms such as Helmholtz or Fanselau 
coil systems o r  magnetically shielded enclosures,  It was felt that these con- 
siderations would provide a measurement technique readily adaptable to use 
b y  component mandzcturers  for quality assurance The "modified spinner" 
method described below f d f i l l s  these requirements 

A number of factors must be standardized before actual 
component measurements begin. These factors inclclde. 

Component lead 1 e ngth 

Methods for determining measurement axes for c lasses  
of components such a s  cylindrical bodies, axial 
leads transistor cans, relay cans,  toroids. etc I 

Test distance from the magnetometer probe to the 
approximate geometric center of the component. 

Therefore,  t ime must be allowed to consider and document standards. 

6 



a. Test Apparatus 

Component magnetic field intensity will be measured 
with tes t  equipment similar to  that shown i n  Figure 3. Essentially, this 
apparatus consists of a vector magnetometer, a mechanism to rotate o r  spin 
the component a t  a fured ra te ,  a narrowband fi l ter ,  and a recorder.  

The electronic component to  be tested i s  placed in a 
sample holder and is rotated a t  approximately 5 revolutions per second. A 
Hewlett-Packard Model 3529A magnetometer probe senses the vector corn- 
ponent of the sample's magnetic field which is parallel to the cylindrical axis 
of the probe. The combination of the probe and a Hewlett-Packard Model 428B 
Clip-On DC Milliammeter forms a fairly sensitive flux-gate magnetometer. 
The 428B provides a low-impedance 5-cps signal proportional to the component 
magnetic field Intensity. This signal is applied to a high-impedance two-channel 
s t r ip  chart  recorder  through a bandpass filter which enhances the signal-to- 
noise performance by reducing the effects of low -frequency interference (changes 
i n  the geomagnetic field and locally produced magnetic fields such a s  produced 
by equipment being moved) and high-frequency interference (especially magnetic 
fields at 60- and 400-cps power frequencies so often found i n  laboratories). 
An event marker  i s  used to relate the direction of the sample's magnetic field 
to the sample's position i n  the tes t  fixture. 

The spinning mechanism consists of a 1500-rpm fan 
motor and suitable pulleys to give a rotation frequency of approximately 5 cps. 
It is essential that all parts of the spinner which rotate at 5 cps be nonmagnetic; 
i f  they a r e  not, the spinner itself will produce a 5-cps magnetic field. The 
rotating rod and all  supports should therefore be made of phenolic or wood. 
The rod itself must be at  least  6 feet long to avoid s t ray fields due to  the motor 
and drive mechanism. Both pulleys a r e  die-cast zinc, and the l a rge r  pulley 
should be spoke-type, rather than solid, to reduce eddy current fields. The 
sample holder i s  a polystyrene box and cover secured to the phenolic rod with 
a 6 -32 aluminum or  nylon screw. The rod i s  drilled and tapped for a 6 -32 
beryll ium copper helicoil insert .  The component sample is held i n  place in 
the sample holder with a nonmagnetic foam rubber o r  plastic (such as undyed 
virgin polyurethane foam). 

The magnetometer probe is normally furnished with a 
cable 7 feet long, but longer cables a r e  available. A cable 25 feet long is 
preferable, since this allows the operator to make adjustments a t  the meter 
or  recorder  without his movements affecting the field a t  the probe. Since the 
3529A probe i s  a vector field sensor, the effect of the geomagnetic field may 
be reduced by orienting the probe orthogonally to the ambient magnetic field, 
The sample holder i s  located s o  that the geometric center of the tes t  sample 
i s  a fixed standard distance f rom the probe tip. If the probe-to-sample distance 
is a t  least  three times the largest  dimension of the sample, the inverse-cube 
relationship for the field of a dipole will be valid, and the equivalent field may 
then be computed at  any distance. 0 
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The conversion fac tor  of the 3 5 2 9 A  probe i s  1: 1 ,  
producing a reading f rom the 428B in  mi l l i amperes  direct ly  equal to  the 
;-;reasured field s t rength  i n  mil l igausses .  Ful l - sca le  deflection on the 1 -ma 
sca l e  the re fo re  cor responds  to  100 gammas .  T h r e e  spin axes  a r e  chosen for  
the  component sample;  these  will be s tandard ized  fo r  var ious  component types .  
The sample  is then rotated about each spin ax is  i n  t u rn ,  a t  approximately 5 cps. 
I he magnetometer  m e a s u r e s  a sinusoidal change in  field whose peak-to-peak 
value r e p r e s e n t s  twice the magnitude of the field due t o  a n  equivalent fixed 
dipole aligned perpendicular  t o  the spin ax i s  and para l le l  to  the magnetometer  
probe when the peak reading occurs .  

v 

- 

The sensit ivity of the flux-gate is l imi ted  to 1 gamma 
by the mete r  s ca l e  of the 4L8B. This may be  appreciably improved by record ing  
the magnetometer  output on a high-sensit ivity r e c o r d e r .  A Sanborn Model l50 
with Stabil ized DC Preampl i f ie r  Model 150-1800 was  used in o u r  investigation, 
Sensit ivity in excess  of 0. 1 gamma was achieved with th i s  appara tus .  A var ie ty  
of high impedance ( 1  00 kilohrns o r  g r e a t e r )  and high sensi t ivi ty  ( 1  millivolt  o r  
l e s s  p e r  minor  division of 50-division cha r t  paper )  r e c o r d e r s  a r e  a l s o  usable .  
A single-channel r e c o r d e r  may be  used i f  i t  has  provis ions fo r  r emote  m a r k e r  
application (as docs the Sanborn Model 150); o therwise ,  a two-channel r e c o r d e r  
should be u s e d .  The r e c o r d e r  should have adjustable  sensi t ivi ty  and pen center ing 
atid should ha1.e flat ampl i f ie r  and pen response  beyond 5 cps .  Acceptable 
r e c o r d e r s  include the Texas  Instruments  osc i l lo / r i te r , :% Sanborn Model 320, 
Brush Mark 280,  and Honeywell Model 153x16 ins t ruments .  

The bandpass f i l ter  i n se r t ed  between the magnetometer  
a 

output and the r eco rde r  input i s  shown schematical ly  in F igure  4 .  The f i l t e r  
has  a bandpass  of 2 t o  S c-ps. The response a t  each  end of the bandpass  fa l ls  
off at approsiniately- 24  decibcls per octave and is down 47 decibe ls  a t  60  cps .  
This  Landpass  was chosen because  it r e p r e s e n t s  the region of minimum 
b a c l c g r o ~ n d  noise centered about the 5 -cps rotation frequency.  If min ia ture  
nonpo1;:r tantalum capac i tors  a r e  used (such  a s  made  by Components,  Inc. ), 
the  f i l t e r  can e a s i l y  be  built i n  a small  minibox. Since the f i l ter  has  a midband 
inscr t ion  loss of tipproxirxately L decibels ,  the r e c o r d e r  sensit ivity must be 
incl-cased somc\vh,it to compensate  for the signal l o s s .  This  i s  covered in the 
c-alibr;ition s teps  contained i n  the next sect ion.  

Sincc i t  i s  nearly impossible  to  perfect ly  or ient  the 
tnagnetonlr tcr  probc perpendicular to  the ambient f ield,  a compensating magnet 
is used to pl-oc!uce a s ta t ic  magnetic field sufficient t o  allow the 4LCB to ope ra t e  
o n  i t s  most s e n s i t i l e  sca le .  Ideally, the I:leter should be  adjusted by means  of 
the c . 0  ~:pc .ns ; i t i ng  mi ,one t  a n d  i ts  oiyn z e r o  ccnt ro l  to read approximately 
:Ilitir;cale. Thii-; pcr ini ts  nle;isurement of a *50 -gamma change in field intensity.  
A small  m e t e r  m a g n e t  ;Yorlcs quite well a s  a compensa tor .  

J, 

:~Tra$c~mc1r?c of Texas Instruments  Incorporated.  
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An event marker switch i s  mounted on the spin fixture 
so recording of a point on the sinusoidal chart t race can be correlated with a 
mechanical position of the fixture. The event marker may be a microswitch 
that is  tripped twice per revolution of the rod. The switch controls a battery 
that applies a marker to the chart recorder each time the switch is tripped. 

One advantage of this test  setup is that it is self- 
calibrating. Calibration is performed by rotating a small  magnet or  a magnetic 
component, noting the meter deflection on the 4LSB, and adjusting the recorder 
sensitivity for the equivalent deflection. Since the recorders  mentioned 
previously have precision attenuators, scale changes can be made by changing 
the recorder preamplifier attenuator setting, 

The major precaution to be taken with this method i s  
to  avoid local disturbances (such a s  moving meters  o r  large pieces of pre-  
dominantly steel equipment) within approximately 15 feet of the magnetometer 
probe. These disturbances wil l  cause the 4L8B meter to deflect off scale. 
This will not harm the instrument, since i ts  circuitry automatically limits 
on overloads. Such a disturbance will, however, temporarily disrupt the 
output signal of the 428B to the recorder. 

b .  Test  Procedure 

Set u p  and connect equipment as in Figure 4. 

T u r n  on the Hewlett -Padcard 4LCB, the recorder,  
and the filter power. Set the 4t8B RANGE switch 
to the 300-m~. position. Allow a 5-minute 
warmup period. 

Orient the Hewlett -I-ackard 3529A magnetometer 
probe as  nearly perpendicular to the ambient 
magnetic field as possible by adjusting the probe 
position for the lowest on-scale reading possible 
on the 4LSR. The RANGE switch i s  chdnged to 
progressively lower current scales as this is done. 

Adjust the compensating magnet and the  4231; 
ZERO control for a reading of approximately 
0 . 5  milliampere with the RANGE switch in the 
1 -ma position. Full scale on the meter equals 
100 gammas. 

CAUTION 

The operator should remove his wristwatch 
and any magnetic rings, e tc . ,  while performing 
steps ( 3 )  and (4). 

1 1  
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(5) Calibrate the recorder  to 100 gammas f u l l  scale 
by manually rotating a small  magnet o r  magnetic 
component i n  the sample holder a t  a sufficient 
distance from the probe to give a 50-gamma 
(0 .5  ma) meter deflection. Then rotate the magnet 
a t  the same distance at 5 cps. Adjust the recorder 
sensitivity and attenuator settings for  a half -scale 
deflection. 

( 6 )  Move the sample holder so that the geometric 
center of the sample holder is a standardized 
test  distance from the probe. Increase the 
recorder sensitivity to 1 gamma full scale. 
Operate the spinner mechanism with no com- 
ponent sample i n  the sample holder. There should 
be no detectable magnetic signal due to the spinner. 

Place a component in the sample holder with one 
of i ts  test axes aligned with one event marker  t r i p  
lever.  Secure the component in this position with 
nonmagnetic foam rubber or plastic. 

Rotate the component a t  5 cps. 

Record on the data sheet the peak-to-peak magnetic 
field intensity between two adjacent event marks.  

(7) 

( 8 )  

(9) 

NOTE 

The event markers  a r e  180 degrees apart. 

(10) Repeat steps (71, (8), and(9)with the Component 
position changed within the sample holder so 
that the component is rotated about each of the 
specified spin axes. 

c. Cataloging the Data 

Measurement data will be tabulated on standardized 
tes t  data sheets such as that shown in Figure 5. These sheets may then be 
cataloged for ease of reference. The data sheet may be modified as a result  
of the magnetization stability study at the beginning of the program. 

C. Analyzing and Using the Data  

The most immediate results of the measurement program wi l l  be 
l is ts  of magnetically clean components, i. e .  , components that exhibit no 
equivalent dipole moment even after magnetization, There will a l so  be corn- 
ponents which a r e  magnetic, for which manufacturer data indicates one small  
part  to be the offender. If there  a r e  no other substitute components made by 
a different manufacturer which a r e  nonmagnetic, the manufacturer may be 

13 
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contacted to determine if the magnetic part or material  can be replaced. A 
decision to develop the modified component can then be made based on the 
difficulty of the modification and the magnitude of its equivalent dipole moment. 

When a number of identical components which exhibit equivalent 
dipole moments a r e  tested, a statistical distribution will be observed. This 
distribution will allow a specification for the component to be written with a 
degree of certainty about the yieldsexpected. The distribution may a l so  be 
used to  give some practical limits and values to the statistical methods of 
defining spacecraft magnetic environment described in the next section. Initial 
testing may indicate a distribution with a large variance which requires more 
units to be tested in order to  completely define the distribution. As distributions 
for various components a r e  defined, it may be possible to set  up classifications 
or catagories which define a large group of components. These classifications 
could be based on either magnetic field intensity magnitude or variance charac- 
ter is t ics .  A spacecraft might then be divided into zones in which only certain 
component classes a r e  allowed within a specified distance from the magnetom- 
e te r .  This possiblity, of course,  cannot be explored until some data is 
accumulated 

Another important application of this data will be i ts  use with a 
sampling procedure such a s  that defined in MIL-STD-105D to form a guide for 
manufacturers to follow in the future in t e rms  of setting specifications, testing 
and quality control, The data will aid i n  setting industry-wide standards with 
a degree of certainty of the practicality and usefulness of these standards. 

D. Test Program Schedule 

A suggested schedule for the measurement program i s  diagrammed 
i n  Figure 6 .  Two months a r e  allotted for organizing the program, ordering and 
receiving the parts listed in Appendix A. During this t ime,  the project will be 
staffed,  manclfacturer questionnaire and cover letter finalized, and purchase 
or  der  s written. 

Five weeks a r e  allotted to study the problem of magnetization 
stability. This will  include studying the basic phenomena and environments 
that affect them, Practical  values for the l imits of the environments (magne- 
tizing force,  temperature,  vibration level, etc. ) must be established. 
Considering all these factors,  tes t  methods and procedures must then be 
formulated. In order  to accomplish this i n  the specified t ime, personnel 
already familiar with the problem wil l  be required. 

and test  procedures and data sheets finalized. The remainder of the period 
will be spent testing, analyzing test data, determining where additional tes ts  
a r e  required, and working with manufacturers to modify standard devices by 

By the end of the seventh week, test fixtures must be fabricated 

removing magnetic parte and materials. 

0 



It is  estiinatcd that a significant program can be accomplished i n  
7 months. However. it should be realized that testing and developing nonmag- 
netic par ts  could contlnue indefinitely depending upon how complete a preferred 
parts l ist  of nonmagnetic components is desired and how complete a l ist  is 
readily available f rom standard components. Therefore, it i s  recommended 
that, a t  the end of the fourth month, the results to  that date be reviewed and 
the remainder of the program be redefined. 

The measurement program results should include: 

1. A recommended preferred parts l i s t  indicating components 
which a r e  nonmagnetic and those which a r e  not. This will 
include necessary manufacturing control data. 

Test data cataloged and indexed fo r  easy reference. 

A l ist  of parts which could be made nonmagnetic with some 
modification and details of the modification. 

2 

3 .  

111. A STOCHASTIC APPROACH TO THE PROBLEM OF ALLOWABLE 
MAGNETIC MOMENTS IN A SPACE VEHICLE 

A. Scope of the Problem and an Approach to Its Solution 

In  space vehicles containing magnetometer experiments , care  
must be taken that the magnetic sensor is not disturbed by magnetic fields 
due to other electronic or  mechanical components within the spacecraft. 

The problem of placement of a few simple components of known 
magnetic moments i s  fairly straightforward. The problem of designing a 
complex electronic assembly that must be placed within a certain distance of 
the sensor and yet be magnetically acceptable is  more difficult. The designer 
must assemble hundreds of i tems,  which a r e  probably magnetic, and guarantee 
that their  net effect at the sensor will not exceed some prescribed limit. 

It i s  to the problem of establishing initial component selection and 
configuration guidelines and checks that the stochastic or  probabilistic approach 
i s  directed. This approach will permit the designer to ascertain with some 
confidence the probable magnetic effect a t  the sensor of N magnetic moments 
whose amplitudes; locations , and directions a r e  described by probability 
density functions. Conversely, given a se t  of probabilistic l imits on the allow- 
able magnetic field at some distance from the unit to be designed, he may 
ascertain the permissible distribution function of the magnetic moments. 

The statistical approach f rees  the designer f rom making a precise 
field calculation for each component and each possible configuration. In return 
f o r  this unburdening, he must accept more general answers  -answers which 
a r e  statistical rather than precise. 

16 



This preliminary study describes the probability density functions 
for three magnetic field components at a sensor i n  t e rms  of random variables 
describing the positicn, orientation, and magnetic moment of a statistical 
dipole in a spherical coordinate system. The resultant probability density 
functions a r e  expressed as  multiple integrals of functions of these random 
variables and the Jacobian of the transformation. 

Determination of these probability density functions describing 
the field components for a particular configuration of the sensor and electronics 
package requires that the probability density function describing position, 
orientation, ar,d magnetic moment of the nth dipole be known. Since such 
factors  as preferential alignment of components or moments and regions of 
component clustering will  significantly affect the resul ts ,  it is important that 
these input probability density functions be accurately determined. 

The study indicates further how the result  for the nth dipole may 
be extended to a statistical description for N such dipoles. 

It i s  further indicated that, given a probabilistic description of 
the magnitude of the allowed field components a t  the sensor and probabilistic 
descriptions of the other variables,  the problem may be inverted. This 
inversion might obtain, for example, a probabilistic description o r  a histo- 
gramic description of the allowed range and distribution of the N individual 
dipole moments. 

In order  to illustrate the technique, the probability density function 
for one of the field components is  determined for the special case of a spherical 
electronics package located at  a distance, ro, from the sensor and containing 
N dipoles, whose magnetic moments a r e  uniformly distributed but preferen- 
tially oriented i n  a 60" cone about the vertical axis. The problem is then 
inverted to show how the allowed range of the magnetic moments is determined 
by the l imits set  on the magnitude of one of the field components. 

A5 a further illustration, the case of a truncated spherical package 
(approximating a cylindrical electronics package) i s  considered and the method 
of solution and inversion indicated. 

In order  to show the broad application of the stochastic, o r  
probabilistic, approach, the method i s  also applied to  a magnetic stability 
problem. Thus, instead of considering probabilistic descriptions of the 
spatial configuration of a set  of dipoles, the case of dipoles whose magnetic 
characterist ics change in a probabilistic way with time is treated. 

B. Introduction 

I n  space vehicles containing magnetometer experiments care  must 
be taken that the magnetic sensor is  not disturbed by magnetic fields due to  
other electric,  electronic, o r  mechanical components within the spacecraft. a 



For  instance, a single iron core transformer placed 3 feet from the magnetom- 
eter  might produce a la rger  effect at the sensor than the Martian magnetic 
field at a distance of 3 Martian radii. These unwanted fields may be reduced 
to acceptable levels a t  the sensor by cancelling them out through compensation 
techniques or by the obvious stratagem of limiting the size of magnetic moments 
permitted within certain distances from the sensor.  

For  the case of a few simple components whose magnetic moments 
a r e  well known, the problem of how close to the sensor they may be placed is 
fairly straightforward. However, the problem of designing a complex electronic 
assembly that must be placed within a certain distance of the sensor and yet 
must not produce a magnetic field above some small  value is considerably 
more difficult In this instance the designer must assemble together hundreds 
of i tems such a s  t ransis tors ,  res is tors ,  t ransformers ,  chokes, lugs, shafts, 
e tc . ,  all of whlch a r e  probably magnetic, and guarantee a priori that their  net 
effect a t  the sensor will not exceed some prescribed limit. The problem i s  
further complicated by the fact that some of the components and their  magnetic 
moments wdl  be more or less randomly oriented, while others will be aligned 
in preferred directions (for example, res i s tors  on circuit boards). 

-- 

Obviously, the designer could build the unit, measure the magnetic 
field produced, and through a "cut and try" sequence, eventually converge on 
a magnetically acceptable design. 

knowledge of the physical problem into a stochastic or statistical model f rom 
which guidelines may be established for  making initial component selection. 
This approach will  permit the designer of a very complex uni t  to ascertain with 
some confidence the probable magnetic effect a t  the sensor of N magnetic 
moments whose amplitudes , locations , and directions are described by prob- 
ability density functions. * Conversely. given a set  of probabilistic l imits on 
the magnetic field a t  some distance from the unit to  be designed, he may 
ascertain the permissible parameters of position, orientation, and magnetic 
moments of individual components or assemblies. 

An alternate approach is to combine emperical  measurements and 

The purpose of this study was to investigate the feasibility of 
deriving such a statistical model incorporating the maximum information 
available. This would allow decision makers ,  such as the advanced system 
designers and the component engineers, to make those decisions, which a r e  
optimum i n  a statistical sense,  and to provide a measure of confidence i n  
the decisions. 

*See "Explanation of Statistical T e r m s ,  ' I  Appendix B a t  the end of this 
report  . 
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C. Objectives 

1. Given the coordinate location of a n  electronics package which 
contains N dipoles whose position, orientation, and magnitude 
a r e  given by probability density functions, derive the prob - 
ability density function of a component of the magnetic field 
intensity at a sensor outside the package. 

Given allowed probability density functions of the component 
of the field intensity, i t  is desired to be  assured  within some 
probability that the absolute value of the field intensity will 
not exceed some prescribed value. F rom the model one 
should be able to determine i n  what manner the original 
parameters  should be adjusted. 

As an example, one could specify for a rb i t ra ry  distributions 
of dipole directions and positions, the allowed distributions 
of the s izes  of the magnetic moments. This distribution 
function of sizes of allowed moments could be  quantitized 
into a histogram for use by the package designer. 

2. 

D. Introduction to the Derivation 

The effect of each dipole upon the magnetic sensor will be a 
function of its position within the three dimensional electronics package, the 
position of the sensor  relative to the electronics package, the orientation of 

. e  the dipole, and the magnitude of the magnetic moment. Of these parameters ,  
only the position of the sensor with respect to the electronics box will be 
exactly determined; the other parameters can be  expressed a s  random variables 
and can be described by probability density functions. The components of the 
magnetic field intensity as seen by the sensor can be considered as functions 
of several  random variables and can also be  described by probability density 
functions. 

The problem is then to transform the probability density functions 
of the position, orientation, and magnitude of each dipole into the probability 
density function of the magnetic field intensity. This transformation will be  
performed for the effect of one dipole with random position, orientation, and 
magnitude, and then extended to include the effect of N dipoles, where N is 
a very large number. 

E. Derivations of Probability Density Functions 

The magnetic field intensity of a dipole may be expresmed i n  any 
of the three conventional coordinate systems: rectangular, cylindrical, or 
spherical .  The field equations were examined i n  each of the coordinate 
systems. It was found that the problem of transforming multiple probability 
density functions into one could be simplified by operating in the spherical  
coordinate system. Equations (1) and (2) express  the radial  and tangential 
componente of the far field intensity i n  spherical  coordinates for a centered 
dipole aligned along the Z axis (see Figure 7). 
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Figure 7. The Spherical Coordinate System 

m s i n  4 
r 3  Hb = 

In  the above equations m expresses the magnitude of the magnetic moment. 
Coordinates r ,  6, and 6 a r e  defined in Figure 1.  The components of field 
intensity may be resolved into x, y, and z directions of a rectangular coordinant 
sys tem by the following relations: 

Hx = Hr s i n  4 cos 6 t Hqj cos 4 cos 8 (3 )  

Hy = Hr s in  6 s i n  8 t H$ c o s  d sin 6 (4) 

Substituting Hr and H4 from Equations (1 )  and (2),  Hx, H y l  and Hz become 

3m . Hx = - s in  2 4  cos 8 
zr3 

2 0  



3m s i n  2 4  sin e HY = 3 (7) 

The components of the magnetic field intensity have been  resolved into rec- 
tangular coordinates for compatibility with the coordinate system of the sensor; 
the variables of the equations have been retained in spherical coordinants to 
simplify the mathematics. 

electronics box to  the sensor; 41, 81, and r l  be the coordinants which translate 
the dipole with respect to  the center of the electronics box; and  $2 and 62 be the 
coordinants which rotate the axis of the dipole with respect to  the coordinant 
system. In Equations ( 6 ) ,  (7), and (8): 

Let 40, 8 0 ,  and r o  be the coordinants which relate the center of the 

The parameters ro,  00, and 00 a r e  constants. Since each dipole may be 
randomly positioned and randomly oriented within the electronics package, 
the parameters  $1, 81, '1, 42, and 82 may be considered as random variables 
which are described by probability density functions. 

Since the random variables $1 and 42 occur in a sum, they may be 
combined as a new random variable 0 ;  likewise, 81 and 82 may be combined 
as e. The probability density function of is then the convolution of the 
probability density functions of 41 and $2 (Appendix B Statistical Te rms) ,  
and the probability density function of ++ is the convolution of the probability 
density functions of 131 and 82.  The magnitude, m, of the magnetic moment 
may a l so  be considered as a random variable. 

A component of the magnetic field intensity, such as H,, may now be 
expressed as a function of four random variables ma r l  , a ,  and 8; therefore, 
H& is a l so  characterized by a probability density function. Let the probability 
density functions of Hx, m, rl, e ,  and be designated as ~ ( H x ) ,  p(m), p( r i ) ,  
p(@), and p(+&), respectively. Let the joint probability density function of m, 
rl ,a ,  and@ be designated as p ( m , r l  ,@,e). THE PROBLEM THEN BECOMES 
TO TRANSFORM THE JOINT PROBABILITY DENSITY FUNCTION 
p(m, '1, @ , '6') INTO p (  Hx). For each value of m, r l  , a ,  and%+, there  is one 
and only one corresponding value of Hx. 



T:icre a r e  two standard approaches1 available for obtaining p(H,) from 
pfm, 1 ' 1 ,  Q', + I .  The f i r s t  approach is indicated by Equation (12).  

where the integration i s  p r f o r m e d  over the sample space S ,  urhich is defined 
by the orthogonal basis ( m ,  r 1 ,  0, @), producing the probability distribution 
function of Hx. The differectiation with respect t o  Hx results i n  the probability 
density lunction p(H,). In this problem, this approach leads to  difficult 
elliptic integrals. 

0 
The second approach cnvolses a direct transformation of the joint 

probability density function of m,  r ] ,  @ ,  and 8. to a new joint probability density 
function of four new varinl lcs ,  one of which is Hx. The function ~ ( H x )  i s  then 
obtained by integrating the new joint density function ovcr t h e  l imits of the 
three extraneous variables. This was t h e  method used to obtain p(Hx).  

When N random variables a re  related t o  N new random variables by 
a one -to -one mapping, their joint probability density functions may sometimes 
be equated by means of a Jacobian (see  Appendix B). For example, i f  y1, y2, 
y3, and y4 represent the new variables which a r e  defined as single-valued, 
continuous functions of the old variables, x i ,  x 2 ,  ~3~ and x4, then the joint 
probability density functions may be related a s  

where J i s  the Jacobian of the transfor~nation and is defined by the expression] 

In the above problem, t h c  fcur variables ni, r i .  a .  and a r e  to  be transformed 
into one component such a s  the  variable H,; therefore, in order  t o  determine 
a Jacobi,in, three additional variables must be  introduced. The selection of 
t hcsc  three variables is somewhat arbitrary under the constraints of being 
single -valucC, continuous functions of m ,  r I ,  a ,  and 6,. A particular choice 
of thcsc additional variables and their relation t c  the old variables a r e  
g i v e n b e 1 ow. 

u = rl (15)  

v = h  (16)  

w = Q .  (17) 

1 
S C C  page jj. Reference 1. 



The joint probabili ty d?ns i ty  function of thc ncw raniom var iab lzs  E&:, a 11,  v, and v,t may be wr i t ten  a s  

The old var iab les  m a y  a l s o  be expressec! as functions of the new. 

r l  = fZ(H,, u ,  v ,  w )  = u 

= f3(Hx, U, V ,  W) = v 

@ = fq(H,, U, v ,  w )  = w . 

The Jacobian may  be wr i t ten  i n  determinant  f o r m  

- J, - 

By evaluating the par t ia l  der ivat ives  of the  l a s t  t h r e e  co lumns ,  thc following 
f o r m  is der ived:  

Jx = 



Expanding by minors yields 

3 2(u - ro) 
p(Hx, u, v ,  w) = ( m  = f l ,  rf= f2,  Q) = f3, 6 = f4) 

3 s i n  2(w --do) cos (v - e,) 

Therefore ,  , 

* 

(26) 
F r o m  this expression, the unconditional probability density function of % may 
be obtained by the integration of the joint probability density function, 
p(Hx, u ,  v ,  w), with respect to  the random variables u, v, and w over their  
entire range of possible values. Thus, 

Expressions for the other components of the magnetic field intensity may be 
obtained in a like manner.  The Jacobians for  transformations to p(Hy) and 
p(H,) are  given by Equations ( 2 8 )  and (291, respectively. 

F. The Case of Assumed Probability Density Functions 
of the Random Variables 

The probability density functions of H,, Hy, and H, as defined 
above cannot be further evaluated unless  assumptions are made concerning 
the joint probability density functions of the random variables m ,  rl, 9 ,  and 
43. Preferably,  such assumptions would only be made after considering 
histograms of empirical  data obtained from a n  extensive measurements 
program. Since such data is not available a t  this time, simple assumptions 
will be made concerning the probability density functions in  order  to  demon- 
strate computational procedures and to investigate possible difficulties which 
might arise in integration. 

G. Example for a Spherical Package 

Assume that the magnitude of the magnetic moment is uniformly 
distributed from 0 to  M. Since the integral of the probability density function 
of m ,  p(m), must be equal to  unity, we may solve for the amplitude, A, of 
p(m) f rom the following relation. 
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M 
J A  dm = A(M - 0) = 1; 
0 

therefore, 

1 A = -  
M 

for 0 S m  sM 

elsewhere 

Assume that a l l  dipoles are uniformly distributed within a 
spherical package of radius, R.  

for 0 s r l  s:R 

elsewhere 

for o 5 d l  5 H 

elsewhere 

for 0 5 8 1 5 2 ~  

elsewhere 

A s s u m e  that the effective alignment of all  dipoles is uniformly 
distributed from 0 to 60 degrees with respect to the Z axis .  

l o  elsewhere 

for 0 5 8 2 s  2 x  

elsewhere 

(33)  

(34) 

(35) 

(37) 

The probability density function of pt.8.) i s  obtained by the con- 
volution of p(fl1) and p(82).  The symbol :K will henceforth denote convolution 
as  in Equation ( 3 5 ) .  



Ict a 
thus,  

./_ 

p ( m  = J p l w  P ~ ( I O '  - e )  do 
-%: 

hy definition of the convolution integral .  In  the  range 0 5 4 5 Zn, 

0 e l s  cwhe re  

I n  a s i m i l a r  m a n n e r  p(@) m a y  be obtained by convolving p( d l  ) 

for O 5 @  5 - 
3 

and ~ ( 4 2 ) .  
7; 

jz 1 

2n 
3 

fo r -  c@ 5 7: 

4n for  ?r 5 @  I - 
3 

47- 57: for - Z Q  5 - 
3 3 

5 7  
for - 5 211 . 

3 - -  
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The probability density functions, p(m), p ( r l ) ,  ~ ( $ 1 ) ~  p(81), ~ ( $ 2 ) ~  
and p( 02) .a re  shown in Figure 8. T h e  probability density functions p(+) and 
p(@) are shown in Figure 9. 

F rom thc assumed conditions [Equations (32) through (37)] ,  the 
random variables ?II, r l ,  61, 01, d2 ,  and 02 a re  statistically independent. 
The random variables m,  rl , a ,  and 4+ a r e  a l so  independent; therefore,  their  
joint probability density function is the product of their  individual probability 
density functions. 2 
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F i g u r e  9 .  Probabi l i ty  Density Funct ions 
pW) and  p(@)  

Equation (27 )  thus becomes 

In th i s  case the  o r d e r  of integrat ion is opt ional .  

Integrat ing with r e s p e c t  to u ,  

2 2 277 47 1 R 3  - 4R ro t 6 R r o  - 4rO31 p(v)  p(w) dv d w  
w=o v = o  

6M P W X )  = 

(4s) 

The last two in t eg ra l s  a re  improper i n t e g r a l s  of the second kind 
and  have not ye t  b e e n  evaluated i n  c losed f o r m .  Fo r  pa r t i cu la r  r a n g e s  oi 
values  of v and  w ,  the in t eg ra l s  may be  expanded in  a n  i n f i n i t e  s e r i c s ;  this 
sugges t s  the  possibi l i ty  of a numer ica l  appros i rna t ion  on a digi ta l  compute r .  



It is not unreasonable to  expect convergence since i n  this case ,  as will be  
shown, p(H,) must be  constant and finite. Also, the integrals may possibly 
be  solved analytically by techniques such as contour integration. The same 
type of integrals occur in the determination of the probability density functions 
of Hy and H,. Since specific values of the integrals depend on particular 
constants do and 80 and assumed probability density functions of v and w, 
no general  knowledge of the model could be obtained by a solution; therefore,  
laborious computation leading to results unique to the above assumptions 
were avoided. The solution to  the remaining integrals will be  represented 
symbolically by the constant K,. Then 

K, 1 R 3  - 4 R q o +  6Rro2 - 4r03 1 
6M P(&) = (49) 

Equation (49) describes the amplitude of the probability density 
function of H,. In this case p(H,) is a constant. In general ,  the o rde r  of H, 
in p(H,) will be equal to  the order  of m in p(m) for all cases where m is 
statistically independent of the other random variables [see Equations (19) 
and (46)j. 

The assumed conditions provide a physical symmetry in t e rms  of 
dipole orientation wherein positive and negative values of Hx a r e  equally li!:el-j-. 
The probability density function, p(H,), therefore has  even symmetry about 
the origin and has  a mean value of zero. By equating the area of p(H,) to unity, 
we may solve for  the range of Hx. Where Hxl and HX2 a r e  the respective 
minimum a n d  maximum values of Hx, 

3M 

K, I R 3  - 4R2ro t 6Rro2 - 4ro31 
HXz = -Hxl = (50) 

NOTE 

For  a sensor  locatea a great  i i s tance  from 
the electronics package (that is, ro >> R ) ,  
the maximum magnitude of the magnetic 
field intensity is approximately proportional 
t o  the inverse cube of ro as one might expect. 

Since ro is severa l  t imes grea te r  than R for  most physical configurations, 
the effect of taking the absolute value i n  Equations (49) and (50) may be 
accomplished by changing the sign of all terms involving ro o r  R. Therefore,  

0 elsewhere . 



The variance, V,, of p(%) may be expressed by 

Hx2 

3M2 v, = 
Kx2 (4rO3 - 6Rr$+ 4R2ro - R3I2 (53) 

H. Extension to N Dipoles 

The above development was performed by considering one dipole 
randomly positioned and orienteL with a random magnetic moment. When the 
number of dipoles is increased to N,  where N is a very large number, the 
shape of the probability density function tends to become gaussian by the 
Central Limit Theorem. 
exactly gaussian; but such a shape will provide a good approximation. The 
tails of the theoretical gaussian curve extend to infinity; whereas the positive 
tails of the probability density function for N dipoles extend to N t imes the 
positive range of the density function for one dipole. 

F o r  a large finite N,  the curve will never become 

Assuming a gaussian curve for the probability density function of 
a component of the magnetic field intensity, such a curve is characterized 
by its mean and variance. 

Components of the. magnetic field intensity in the x direction f rom 
separate dipoles add algebra&Iy. The probability density function for the s u m  
of these components is the convolution of the probability density functions for 
the effect of the individual dipoles. Figure loa shows a uniform probability 
density function for  one dipole; Figure 10b shows the effect for two like dipoles; 
and Figure 1Oc shows the effect  of three like dipoles. In Figure 1Oc the 
probability density function has already begun to assume the form of a gaussian 
type curve. 

The gaussian curve for the effect of N dipoles will have N t imes 
the mean value of the probability density function for one dipole. The variance 
of this gaussian curve will be the variance of the density function for one 
dipole multiplied by N. Thus, 

3M2N - 
vx,N - Kx2 (4r03 - 6Rro2 + 4R 2 ro - R 3 2  (54) 

where V,,N is the variance of the probability density function of H, for the 
effect of N dipoles, each of which is described by several  random variables 
having probability density functions of the form described above. This prob- 
ability density function, p ( H x , ~ ) ,  where N is very la rge ,  will a s sume  the f o r m  

/ Hx \ 2  
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F i g u r e  10. Uniform Probabi l i ty  Densi ty  f o r  One Dipole 

I. Determina t ion  of Component Parameters from the  Model 

An a l t e r n a t e  p rob lem is  given the  above  model of t h e  g a u s s i a n  
probabi l i ty  densi ty  funct ion,  ~ ( H , , N )  having z e r o  m e a n ,  to pick a r a n g e  of 
p e r m i s s i b l e  va lues  of H, and to  choose a probabi l i ty  tha t  a sample value of 
H, chosen at random from the total  population of H,, will  f a l l  within the 
required l i m i t s .  

A s  a n  example ,  suppose that the r e q u i r e d  probabi l i ty  tha t  I& 
lies be tween -H and tH is P. Recall t ha t  P i s  the area of p(H,) be tween  
-v and + H .  F r o m  a tab le  of A r e a s  of the S tandard  N o r m a l  C u r v e  s u c h  as 
t ha t  of P e a r ~ o n , ~  a va lue  2, m a y  be chosen  cor responding  to  the  va lue  of P. 
Z, is a va lue  of Z of the  probabili ty densi ty  function. 

3 1  
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Figure 12. A Cross Section of the Truncated Sphere 
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where the variance is  normalized to  unity. Then, 

H = Zo J V G  

and 

(57) 

The parameters of the probability density functions of the individual random 
variables, such as M, the maximum allowable value of magnitude of the dipole 
moment, may then be adjusted so that Equation (58) is satisfied. . 

J. Other Physical Configurations 

All computations to  this point conside red a spherical electronics 
package. Other configurations may be introduced by alterations of the joint 
probability density function] p(m, r l  01, $2, 61, 02) .  A sphere, truncated 
by two planes parallel to the X - Y  plane and passing through the points ZA 
and ZB as shown i n  Figure 11  
octagonal-sided electronics package of the Mariner C. Figure 12 shows a 
cross-section of the truncated sphere. Consider a dipole whose position is 
uniformly distributed within the confines of the paclcaqe. If the position of 
the dipole is described by the random variables r ,  < l  ,and 01 , then 61 can be 
considered as being uniformly distributed between 0 and n; 81 can be uniformly 
distributed between 0 and 2 x ;  but the range of r is  dependent upon ($1. Let the 
maximum value of the vector r be designated as  Fr -  Then, 

would produce a configuration similar to the 

Fr = 

The joint probability density function of d l  and r by the theorem of compound 
probability must be written as 

where ~ ( 4 1 )  is the unconditional probability density function of d l  and p(r/d)l) 
is the conditional density function of r given that a value of 41 has occurred. 



Then 

L o  el sewhere 

Where 41 and r a r e  independent of the other random variables,  
the joint probability density function of all  random variables equals ~ ( $ 1 ,  r) 
p(m,  4 2 ,  81, 82). When integrating this joint probability density function 
[in the manner of Equation (2711, the integral over the range of r should be 
zvaluated f i rs t  since the l imit  of this range envolves the variable 61. This 
result ,  p(H,), may then be handled in a manner analogous to the spherical 
case previously investigated to yield s imilar  results.  

K.  Probability of Magnetic Stability 

The concept of a statistical model may also be used under more  
restrictive conditions. For example, consider a unit on the spacecraft which 
i s  magnetic but must be treated separately from the general statistical model 
of the electronics box. Such a unit might be a transformer which has a very 
large magnetic moment or  some piece of hardware in the near vacinity of 
the sensor.  

As a particular case,  assume that parameters  s u c h a s  position 
and orientation of a n  equivalent dipole can be determined and considered 
constant. Assume that the magnitude of the magnetic moment decays with 
t ime,  but decays i n  a manner which is not deterministic. For example, the 
magnitude of the moment might be described by the equation 

where b is described by the probability density function, p(b). A component 
of the magnetic field intensity, such as H,, can be expressed by the relation 

3m = - s in  24 cos 8;  
zr3  

but all  parameters a r e  constant except m,  so, 

The problem is then to determine a probability density function for Hx. Hx is 
a single-valued, continuous function of b; therefore,  
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Solving fo r  b in t e r m s  of H,, 

There fo re ,  

This  type solution could a l s o  apply to the c a s e  where  some 
probabili ty densi ty  function is der ived o r  es t imated  consider ing the magnet iza  - 
t ion stabil i ty and expected environments .  
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1V. CONCLUSIONS AND RECOMMENDATIONS 

One of the m a j o r  problems i n  developing a nonmagnetic component,  
s y s t e m ,  or spacec ra f t  is personnel education-acquainting those respons ib le  
with the c,-)nsiderations involved. The handbook of t e r m s ,  fo rmulas ,  units 
and measur ing  methods wr i t ten  as  p a r t  of this  cont rac t  should b e  of g r e a t  a id  
t o  those  working in  the a r e a  of nonmagnetic components and c i r cu i t s .  An 
a t tempt  was made to explain or  eliminate ambigui t ies  in definitions and  unit 
s y s t c m  usage and to  explain the origin of s f i m e  of the magnet ic  effects  the 
des igne r  must  cons ider .  Therefore ,  i t  i s  recommended that th i s  handbook 
be given wide distribution by J P L .  a 
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A component test  method was developed that i s  accurate,  repeatable, 
sensitive, and relatively simple. It is readily adaptable for use by manu- 
facturers  of nonmagnetic hardware a s  well a s  in a comprehensive component 
test  program leading to the development of a preferred parts l i s t  of nonmagnetic 
components. It is recommended that the l ist  of components selected for testing 
not be severely limited in a n  attempt to limit the size of the resulting preferred 
par ts  l i s t .  Since there a r e  so few known nonmagnetlc parts available, the 
resul ts  of the recommended test  program wil l  probably cause the s ize  of 
the preferred parts list to be self -limiting. 

It should be noted that the derivation of a stochastic model for the mag- 
netic field of a spacecraft i s  just the f i r s t  step i n  a complete analysis of the 
problem. The present study has shown that the problem can be handled math- 
ematically and that it can be reduced to a readily usable form. The success 
or practicality of this approach will depend on the inputs to the computation 
and on the definition of the probability density functions. After component data 
has been obtained in a measurement program, additional study will be required 
to determine probability density functions of the random variables and incorpo - 
ra te  the statist ics in a stochastic model. This could lead to the solution of the 
spacecraft magnetic field problem in a generalized plug - in  format. 

In December 1963, Texas Instruments was asked by JPL to comment on 
several  approximate methods of combining the effects of a number of dipole 
moments. In general, the validity of these approximations is highly questionable; 
we can neither substantiate nor disprove them. Since this - is the central problem 
being studied i n  statistical modeling, i t  is not apparent what approximations 
may be made until the statistical studies have been carr ied beyond this p r e -  
liminary stage. The assumptions required for a given approximation may, 
through experience, be found to be usable for a particular applicatlon. No 
statement can be made on their validity i n  a general situation, particularly 
for cases  involving either clustering o r  preferred orientation of dipoles. 

The a reas  on which additional effort should be concentrated a r e  the 
measurement of electronic component magnetic field and a study of magnetiza - 
tion stability. 

n 

M. F.  McDONNELL, JR. 
Manager, Magnetics Programs 
Weapons and Control Systems 

Department 
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APPENDM A 

COMPONENTS FOR MAGNETIC 
EVALUATION 

I. MAGNETIC EVALUATION PARTS LIST 

A. Contents 

This parts list is divided into two sections. Table I is a list of 
parts which, through Texas Instruments magnetometer development programs, 
have alreadybeen tested and on which past history indicates that the par ts  a r e  
probably nonmagnetic. Zero test quantities have been called out on this l ist ;  
therefore,  it is included primarily for  information purposes. Table 11 is a 
suggested l ist  of parts for magnetic evaluation. This l is t  i s  based on JPL's 
Pre fe r r ed  P a r t s  List and on identifiable par ts  f rom the Mariner C component 
par ts  surveys. 

B. Format  Explanation 

The f i r s t  column on the parts l is t  is a card sequence number for 
sorting and identification purposes. The second and third columns contain the 
manufacturers Federal  Stock Codes and par t  number of the component to be 
tested. Manufacturer names and addresses a r e  keyed to the Federal Stock 
Codes in Table IV. 

Columns 4 through 7 provide a complete description of the com- 
ponent by general c lass ,  specific type, and where available, information on 
package and lead styles and materials. 

Columns 8 and 9 contain the total quantity of components to be 
tested initially and the number of different production lots f rom which the 
total i s  to be sampled. A "T" i n  these columns indicates special devices 
requiring 100 -percent testing. 

Column 10 contains information on the known magnetic properties 
of the component. An "N" appears in this column for components whose past 
history indicates they are nonmagnetic. An "M" indicates that the component 
is known to contain magnetic materials. 

Columns 11 and 12 refer to notations in the JPL Prefer red  P a r t s  
List. An "S" i n  column 11 and an "H" in column 12 indicate respectively that 
the component is a stock item and a high-reliability part .  

The last  column contains the card sequence numbers of remarks  
which pertain to the given component and which, in some cases ,  a lso give 
control requirements. These remarks a r e  listed i n  numerical order  by card 
sequence number i n  Table III, Remarks. An "NC" i n  this column indicates 
that, to the best of our knowledge, this i tem is  not used in the Mariner C 
spacecraft electronics. 



Table I. Nonmagnet ic  Parts List 

SH 
T Q  L T I  
EU 0 MOR 

YFG MFG COMPNT COMPNT SA T ACE 
S E O  C33E PART NUMBER CLASS TYPE PACKAGE LEADS TN 5 GKL REMARK5 

003 9 1 4 1 8  TYPES BIU CAP CER D I S C  STD TND CU 00 0 N 

020 04099 SERIES MMW CAP MYLAR TUB M I N  TND CU 00 0 N NC 
0 2 1  89037 TYPE 6 0 2  CAP MYLAR TUB X 00 0 N NC 8 1 2  
0 2 5  13934 TYPES 2.3 CAP MYLAR 00 0 N NC 
0 2 6  9 9 1 2 3  TYPE L l 1  CAP YYLAR 0 0  G N NC 814 
0 3 1  7 2 3 5 4  TYPE 1 6 2 1  CAP P M l L  ( K )  T U 8  STD AU/Ccr GO 3 NSH 815 
C 3 8  8 9 3 3 7  PT4-XXXX CAP PLAST I C  TuBIFLT X ii0 0 N NC 816 
3 4 3  0 5 3 7 9  TYPE T S  CAP T A  D R Y  UMIN 00 0 N NC 803 
3 4 4  CA799 2 9 F 6 3 0  + bP CAP T A  D R Y  TUB STD X 00 0 XS 819 
'357 7 1 5 9 3  CAP TRMgCER MIN 00 0 N NC 
0 5 9  9 5 7 1 2  1 9 2 3 3 - 1  CONN COAX 00 0 N NC 

017  84171 TYPE DM CAP M I C A  €POX HLD TND CU.X 00 0 N 810 

061  05C.77 TYPE 81668 CONN COAXITNC AG/RH/AL AG/BE CU 00 0 N NC 8 5 7  
063  9 1 6 6 2  512l. 'JS13CS CONN PCH 00 C N NC 8 5 9  
0 6 4  7 1 4 6 8  DAM-DEPr\b'lO CONN KkCT SMIN 00 (r N b h  
065 7 1  7 6 5  DkX-Dt!-!rNM10 CONN R t C  1 ; M I X  33 0 ?aSH NC 
0 6 7  7 7 8 2 0  T Y P E  JC CONN RD M I N  MLTI  0 0  0 N 
0 6 0  7 1 4 6 8  pB-25P CONN 0 O N  NC 
0 7 5  1 2 r 5 C  SEQ G I - 5 2  D I O D E  PWR CER MIN AG 00 0 N NC 8 2 4  
o e l  1 4 0 9 Q  S c ?  DIODE PWR CER A G  00 0 N NC 8 2 8  
985 0 1 2 9 5  1N206Q DIODE PAR EPXY A G  00 C N NC 831 
3 9 6  12Q53 5 E R  1 D 1 1 6  DIODE R t F  GP CER M I N  A G  00 0 N NC 834 
116 1 2 0 6 0  S E R  D I 6 4 5  OIODE >Ib/CMPTR C E R  M I N  AG DG L N hC 
1 7 7  3 1 2 9 5  8 - 3 0 4  DIODE SIG/CMPTR UDIODE PT 3c c N e55  
1 5 4  0 1 1 2 1  T fPES CBIEB RES FXD C COMP PLAS MLD TND C d  0 0  0 NS 
1 5 7  ]34C!  TYPE GBT @Ea FXD C C3MP PLAS MLL) X 0 0  CI N 900 
1 7 1  7 7 7 6 4  TYPF L A F  RES FXD PREC VJW GG 0 N NC 910 
17'  071'8Q EP2L PES FXD kkPREC ENC EPXY TIN/URS Ocr 0 N 91 3 

1 8 8  I( r*cmEt- i i ' i  RE3 V A R  T&H A H  P L A b  1ND C; JL 3 N NC 920 
1 9 3  9 1 9 2 9  2 1 S X 1 - T  S k I T C H  SNP A C l N  TERM ,C; G N NC 
199 9 8 2 9 1  FT-3M-B?3(i TESM FTKb ST3FF TEFLON G O  0 N 9.23 
2 3 1  ?e795 DF-101  TERM CCLDFR S L V  I P O  00 0 N 924 
7'-'4 " 4 P f . 7  151-1 1 1 - 6 M  TERM STOFF TEFLON X 0 0  0 N 927 9 2 8  
7C5 CLIR67 622G 1 ERM 5TOFF TEFLON X 03 0 N 927 929 
2 0 8  13C88 9 2 - 1 5 0 ~ - X  T ERP STOFF Au/UE C J  i d  C N 
2 0 9  (38145 1 4 8 5 ~ ~ 1 4 8 6 ~  T E R M  STOFF 30 u ,L 9 3 0  
2 1 0  !?44R67 6n5  1 ERM T E S T  POINT 3 0  0 N 9 2 7  
2 1 1  98291 S K T  B - P Z O  TERY T t 5 T  PCIINT TEFLON O u  3 N 9 3 1  
2 1 4  7 3 1 6 6  K A 3 1 L 1  TMTR D I S C  M I N  TND C j  L)U C N NC 
2 3 7  0 1 2 9 1  PT620  1 STR P*R SPL 30 U N NC 
2 5 0  3 1 2 8 1  P T 5 1 8  1 STR PWYI dHF S P i  5PL 3 0  N NC 
2 5 1  1 1 2 8 1  PT1574A TSTR P*R IVHF SPL SPL 0 0  0 Fc 956 
265 0 5 9 7 3  7 4 9 6 7  w + CBL C O A X  J U T 1  I N 5 1  UCI u N 
2 6 6  37497 RG-58C/U w + CBL C O A X  J K I '  I N s *  uv u I\( 
271 1 5 1 1 6  5C-3946  H + CBL C O A A  J K I *  1 N 3 I  v u  CI N 966 
275 X w + CBL C O A X  J K T I  I N S '  Z J  C N 968 969 
2 8 1  9 5 9 7 3  SUPEREX-E w + CBL HOOKilP SHLD I N 5 1  06 2 N 
2 8 2  12515 X w + CBL hOOKilP 5HLD I h i S ' X  3 C  3 N 9 7 1  9 7 2  

1 8 7  9 1 6 3 7  SER 5duNV R f s  V A R  T H M  t . ~  t P X f  t N A " 4 R k  2 J  j Iy NC 919 

2 8 3  0 7 4 9 7  f i G - l 0 8 / U  W + CBL SHLD T3ISTED PR I N S '  30 0 rv 
2 8 4  06cw 6 2 - ~ J Z  d + CBL SILD TbvISTED PR I N 5 ~ I P O  oil i ni 9 7 3  
2 8 5  1 8 5 2 6  =28  NICHROME W + CBL RE3 l tTANCE 5 3  u N 

A- > L. 



Table 

Y f G  YFG 
SEQ CODE PART NUMBER 

0 0 1  7 1 5 9 0  TYPE DO 
002 5 6 2 8 0  TYPE 10TS 
004 0 0 6 5 6  HMCBOIHMCB~ 
005 1 5 4 5 0  TYPE 386 
006 1 5 2 8 7  TYPE SCD 
007 9 5 2 7 5  TYPE CK 
008 9 6 7 3 3  TYPE CK 
009 9 6 7 3 3  TYPE RH06 
010 00650 TYPE eLF 
011 9 1 9 8 4  TYPE 287 
0 1 2  00656 TYPE BLS 
0 1 3  9 1 9 8 4  TYPE 2 9 3  
0 1 4  1 4 6 7 4  CYFRILVL 6 
0 1 5  9 5 2 7 5  TYPE C Y  
016 8 4 1 7 1  TYPE CM 
0 1 8  7 6 4 3 3  TYPE CM 
019 7 6 4 3 3  TYPE DM 
0 2 1  9 9 5 1 5  TYPE EH-153 
0 2 2  89037 .  TYPE 617G 
0 2 3  8 9 0 3 7  TYPE 6 2 7 6  
024 8 9 0 3 7  TYPE 6 8 3 6  
0 2 7  9 9 5 1 5  TYPE DE 
028  9 9 5 1 5  TYPE EG 
0 2 9  5 6 2 8 9  TYPE 188C 
030 5 6 2 8 9  TYPE 103P 
0 3 2  5 6 2 8 9  TYPE 195P 
0 3 3  0 0 6 5 6  TYPE P323ZN 
0 3 4  5 6 2 8 9  TYPE 118P 
0 3 5  5 6 2 8 0  TYPE l 2 l P  
0 3 6  9 6 7 3 3  TYPE 48 
03.7 9 9 5 1 5  TYPE PSG 
0 3 9  0 8 7 9 8  TYPE 7KIMM) 
0 4 0  0 5 3 9 7  TYPE J 
0 4 1  5 6 2 6 9  TYPE l 5 O D  
0 4 2  5 6 2 8 9  TYP 350DIMM) 
0 4 5  5 6 2 8 9  TYPE 12UD 
046 0 8 7 9 8  TYPE 5KtMM) 
0 4 7  5 6 2 8 9  TYPE 109D 
0 4 8  5 6 2 8 9  TYPE 133D 
0 4 9  2 1 5 2 0  TYPE HP 
0 5 0  9 9 1 2 7  TYPES HTILV 
3 5 1  1 2 5 1 7  TYPE T A  
052 7 2 9 2 8  TYPE X T  
0 5 3  9 9 2 1 7  TYPE T C  
0 5 4  9 6 7 3 3  TYPES 9 7 - 9 6  
0 5 5  7 4 9 7 0  JMC 2 9 5 4  
0 5 6  9 3 7 3 8  TYPE AP39 
058 7 3 8 9 9  TYPE VC2lG a 

11. Magnetic Evaluation Parte List 
bH 

TO L T I  
Eu 0 MOR 

COMPNT COMPNT SA T ACE 
CLASS TYPE PACKAGE LEAD5 IN b GKL REMARK3 

CAP 
CAP. 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

CER 
CER 
CER L V  
CER L V  
CER L V  
CER LV 
CER L V  
CER i v  
CER 
CER 
CER 
CER 
GLIPORC 
GL/PORC 
M I C A  
M I C A  
M I C A  
MYLAR 
MYLAR 
MYLAR 
MYLAR 
MYLAReMET 
MYLAR-MET 
P 
PIFTRU 
P M1L 
P MET 
P MET 
P M E T  
P M E T  
PLAST I C  
T A  DRY 
T A  D R Y  
T A  DRY 
T A  DRY 
T A  W T  F O I L  
T A  UT F O I L  
T A  WT SLUG 
T A  v lT  SLUG 
T A  dT SLUG 
TEFLON 
7 EF LON 
TtFLON 
TEFLON 
TEFLON 
T R M I A I R  
T R M  * A  I R 
TRMICL 

D ISC STD 
DISC 51D IND Cu 
TUB SMIN TND Ccl 
TUB M I N  TNL) CU 
TUB S M I N  
R E C T  STD X 
RECT M I N  TND CU 
RECTSHIN I N 0  Cu 
FTRU STD 
F l R u  s i D  
STOFFSTD 
STOFF STD 
RECT STD C U I N I - F E  
RECT STD X 
RECT STD 
RECi  s i D  
RECl S I D  
l U B  M I N  C w i s i E E L  
IUB b I D  
TUB M I N  
TUB M I N  
TUB M I N  
R E C l  M I N  C u / s i E E L  
TUB STD 
TUB F i R U  
Tst3 STD 
TUB M I N  
TUB M I N  
TUB M I N  
TUB M I N  
RECT M I N  CU/STEEL 
TU5 SMIN 
TUB SMIN CUkELD 
TUB SMIN TND lU1 
TUB SMIN TND NI 
TUB STD 
TUB STD 
TbB SMIN 
Tub M I N  
BELL M l r  
TU8 S M I N  TND CU 
TUG MIN TND CU 
Tub STD 
TU6 STD 
TUB S T D  TND CU 
M I  N 
M I  N AG/BRASS 
CYLINIGL X 

1 0  2 S 801 
10 2 802 
10 2 SH 
10 2 
10 2 803 
10 2 X 804 805 
10 2 
1u 2 
1 0  2 NC 8u6 
l u  2 
lu 2 s 807 
10 2 NC 
10 2 MSH 
10 2 XX 835 808 
1 0  2 5 809 
l u  2 NC 
l u  2 NC 
l u  2 M NC 
10 2 813 
10 2 
1u 2 
10 2 803 
l u  2 M 
10 2 
1 0  2 
1 3  2 NC 
1 0  2 s 
10 2 
1 0  2 
10 2 NC 
1 0  2 M 
10 2 SH 
10 2 MSH 
1 0  2 M 
10 L MSH 816 
10 2 x 820 
10 2 SH NC 
10 2 
1 5  2 
1 0  2 S NC 
10 2 
LO L 
10 2 hC 
10 L K 
13 2 
10 L 
10 2 
10 2 M 622  



Table XI. Magnetic Evaluation Parts List (Continued) 

M F G  MFG 
SEQ CODE PART NUMBER 

060 1 5 1 1 6  TYPE 3 1 - 5 0  
0 6 2  9 5 0 7 7  X 
0 6 6  7 7 6 2 0  TYPE SC 
068 7 7 8 2 0  TYPE JB 

070  0 9 2 1 4  3N60 
0 7 1  0 9 2 1 4  TYPE C5D 
0 7 2  0 9 2 1 4  C35 SER 

0 7 3  
0 7 4  
0 7 6  
0 7 7  
0 7 8  
079 
080 
082 
063 
0 8 4  
0 8 6  
0 8 7  
088 
0 8 9  
0 9 0  
0 9 1  
0 9 2  
0 9 3  
0 9 4  
0 9 5  
0 9 7  
0 9 8  
099 
100 
10 1 
1 0 2  
1 0 3  
104 
1 0 5  
106 
107 
108 
1 0 9  
1 1 0  
111 
112 
1 1 3  

9 6 3 4 1  1N831AM 
9 6 3 4 1  MA45UC 
7 2 6 9 9  l N 2 4 8 A  
7 2 6 9 9  1N1200  
7 2 6 9 9  l N 1 5 8 3  
0 4 7 1 3  I N 2 6 1 1  
0 1 2 8 1  1N645  
14099 SCBR15A 
0 1 2 9 5  G681EHR 
0 1 2 9 5  l N 1 1 2 4  
1 2 0 6 5  l N 2 4 8 A  
1 2 0 6 5  1N645  
1 2 0 6 5  1 N 1 1 8 4  
1 2 0 6 5  l N l 2 0 0  
1 2 0 6 5  1N1583  
0 7 2 6 3  FSP12 
0 7 2 6 3  FSP-36 
0 7 2 6 3  FSP453  
0 1 2 8 1  P S 2 4 1 4  
0 7 2 6 3  F A 4 0 4 9  
9 9 9 4 2  1N1815  
9 9 9 4 2  1 N 2 8 1 0 4  
9 9 9 4 2  PG9718 
9 9 9 4 2  R 1 6 0 3  
0 4 7 1 3  1 N 1 3 5 1  
0 4 7 1 3  1N1807  
0 4 7 1 3  l N 2 8 1 0 #  
0 4 7 1 3  1N3283  
0 1 2 8 1  1N459A 
0 1 2 8 1  P S 1 2 0 3 8  
0 1 2 9 5  1N746A 
1 2 0 6 5  1 N 7 6 1  
1 2 0 6 5  1 N 1 8 0 5  
1 2 0 6 5  l N 2 0 3 3  
1 2 0 6 5  f N 3 0 2 9  
0 7 9 1 0  C 0 4 2 4 6  
9 9 9 4 2  l N 8 2 1  

COMPNT 
CLASS 

CONN 
CONN 
CONN 
CO" 

SCR 
SCR 
SCR 

DIODE 
DIODE 
D I ODE 
DIODE 
I) I ODE 
0 I ODE 
DIODE 
D I OD€ 
0 1 ODE 
DIODE 
DIODE 
DIODE 
DIODE 
0 I ODE 
DIODE 
DIODE 
CIODE 
DIODE 
D IODE 
0 I ODE 
0 I ODE 
DIODE 
DIODE 
D I O O E  
DIODE 
D 1 ODE 
D I 0 3 E  
0 I ODE 
DIODE 
DIODE 
D I O D E  
0 I ODE 
DIODE 
D I O O E  
DIODE 
D I O O E  
0 I ODE 

SH 
T O  L T I  
EU 0 MOR 
SA T ACE COMPNT TN 5 GCL REMARKS 

TYPE PACKAGE LEADS 

C O A X  SMIN X AU/AG 10 1 856 
COAXrTNC AG/BRS AU/BIE CU 10 1 8 5 8  
RDIMLTIPIN A L  SHELL bU/BE CU 10 1 8 6 0  
RD Q DISC M I N  10 1 SH NC 

10-12 KOVAR 2 0  4 M 823 
' LO CUR 10-5 KOVAR 20 4 M 823 
PWR 1 0 - 4 8  STDMT 20  4 

UWAVE MXR GL SMIN 
W A V E  V R C R  PLUGIN 
PWH 
PUR 
PWR 
X 
X 
PWR 
PWR 
PWR 
PWR 
PUR 
PWR 
PWR 
X 
PWKrBR 
PWR rBR 
PWRIBR 
PkH r BR 
PW R *QUAD 
REF GP 
REF GP 
REF GP 
REF GP 
REF G P  
R C F  G P  
REF G P  
R t F  GP 
X 
REF GP 
X 
R E F  GP 
REF GP 
REF GP 
REF GP 
R t b  PRtC 
REF PRtC  

DO- 5 
STOMT 
00-4 
F L NGLE S 5 
G L  SMIN 
SPL 
GL SMIN 
00-4 
DO- 5 
GL SMIN 
STDMT 
STDMT 
DO-4 
TO-16 
TO-12 

SP L 
E P X Y  
STDMT 
D I AMOND 

X 
DO-4 
STDMT 
0 I AMONG 
DO- 7 
G L  SMIN 

GL SMIN 
00-7 
STDMT 

GL SMI& 
GL SMIFJ 
DO-7 

20 4 
20 4 
2 0  4 s 
20 4 
20  4 x 
2 0  4 x 
2 0  4 x x  

f ERM 2 0  4 
2 0  4 x 

STDMT 20 4 s 
2 0  4 s 
20 4 
2 0  4 
20  4 
20 4 

KOVAR(4)  2 0  4 M 
KOVAR 2 0  4 M 

2 0  4 
20 4 

2 0  4 
2 0  4 
2 0  4 

N I  2 0  4 M 
STDMT 2 0  4 

2 0  4 
2 0  4 
20 4 
2 0  4 xx 
20 4 
20 4 x x  
2 0  4 
2 0  4 
2 0  4 
20 4 
20 4 
20 4 x 

D U M E T ( 8 )  2 0  4 H 

NC 
NC 
NC 825 
8 2 6  
8 2 7  

829 
8 3 0  
NC 
8 3 2  

NC 
8 3 3  
8 2 3  
823 

823 
NC 
NC 6 3 5  
8 3 6  
8 3 7  
8 38 
NC 
NC 839 
840 
8 4 1  8 4 2  

8 4  1 
8 4 3  
NC 644 
8 4 5  
8 4 6  
8 4 7  
8 4 8  

A-4 



Table 11. Magnetic Evaluation Parts L i s t  (Continued) 

MFG MFG COMPNT 
SEQ CODE PART YUMBER CLASS 

114 
1 1 5  
117 
1 1 8  
119 
1 2 0  
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 8  

0 4 7 1 3  lN82l 
x AM602 
07263 1N459A 
0 7 2 6 3  1H916  
0 7 2 6 3  F0300 
7 3 2 9 3  H R l B  
1 4 5 5 2  MC1291 
9 4 1 4 5  1N3730  
0 7 7 1 3  1N692  
0 1 2 9 5  l N 9 1 6 A  
0 1 2 9 5  1N3579  
0 1 2 9 5  T I 2 5 6  
9 3 3 3 2  D4242F  

DIODE 
DIODE 
DIODE 
DIODE 
0 1 ODE 
DIODE 
DIODE 
D I ODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 

i 2 9  1 i 3 i 3  TYPE 1 1 8 5 4 - 2  I N 0  
1 3 0  9 9 5 0 0  SER 1 5 3 7  I ND 
1 3 1  99800 SER 1 8 4 0  I ND 
1 3 2  9 9 8 0 0  SER 25i)O 1 ND 
1 3 3  7 2 2 5 9  WEE-DUCTOR IND 
1 3 4  0 9 3 4 9  SPECIAL I ND 
135 8 0 2 2 3  TYPE M L  I ND 
1 3 6  8 0 2 2 3  TYPE MM I NO 
1 3 7  81095 SP 1069  108 IND 

COMPNT 
TYPE 

R t f  PREC 
S I G/CMP T R  
SI G/CMPTR 
S I G/ CMP T R 
SI G/CMPT R 
X 
SIG/CMPTR 
S I G / CMP T R  
SIG/CMPTR 
SIG/CMPTR 
SI G/CMPTR 
S I G/CHPT R 
VAR AC TOR 

CHOKE 
CHOKE , H F  
CHOKEIRF 
CHOKE r R F  
CHOKE r RF 
LO FREQ 
L O  FREQ 
L O  FREQ 

1 3 8  8 2 1 1 0  ST18-DAC96 LCNG CD C L l r 2 1 3  

1 3 9  0 7 2 6 3  MLG(GATE1 UCK T 
1 4 3  0 1 2 9 5  S N 5 1 0 ( F F )  UCKT 

1 4 1  
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
1 4 8  
1 4 9  
1 Si) 
1 5 1  
1 5 2  
1 5 3  

9 4 8 7 5  
4 5 4 0 2  
8 8 9 9 7  
3 9 0 2 6  
7 1 4 8 2  
9 9 6 9 9  
0 0 6 1 4  
0 0 6 1 4  
7 7 3 4 2  
7 8 2 7 7  
7 8 2 7 7  
0 8 7 9 8  
0 3 0 3 4  

MARK 1 RELAY 
MARK 11 RELAY 
UN329734-017  RELAY 
TYPE B R - 7 X  RELAY 
TYPE F RELAY 
SER J RELAY 
9 2 2 4 - 5 6 9 1  RELAY 
9227-49  72  RELAY 
TYPE SL R E L A Y  
TYPE 32 RELAY 
TYPE 3 3  RELAY 
TYPE 3SAF RELAY 
A A D -  7 1 OON RELAY 

SH 
TQ L T I  
EU 0 MOR 
SA T ACE 

PACKAGE LEADS TN S CKL REMARKS 

00-7 
DO- 7 
GL SMIN 
DO- 7 
GL SMIN 
GL SMIN 
UD I ODE 
G L  SMIN 
DO-7 
DO- 7 
G L  M I N  
U D I  ODE 
GL 

ML 0 
ML D 
MLD 
EPXY sML0 

SMIN 
SHIN 

ULOGIC SER TO-5 
SEI251 UCKT SPL CL 

MI& 
MIN 
HlN . 
PWR 
SMIN XTAL CAN 
SMIN 
PWH 
PWR 
SMIN XTAL C A h  
SMIN HERM SLD 
SMIN HERM SLD 
UYIN X T A L  C A N  

20 4 NC 
20 4 8 4 9  

DUM€ T 2 0  4 X 8 2 3  850 
DUMET 20 4 MS 823 
DUME 1 2 0  4 M X X  823 8 5 1  

2 0  4 852 
20 4 X X  853 
2 0  4 
20 4 
20 4 s 
2 0  4 
2 0  4 
2 0  4 

10 2 
T CUWELD 10 2 M 
T CUWELD 10 2 M 
T CUWELD 10 2 M 

10 2 
10 2 

10 2 
10 2 

NI/DUMET 10 2 M 

I 

10 FT 

2 0  4 
KOVAR 2 0  4 M 

10 1 
10 1 
10 1 
10 1 
10 1 
10 1 
10 1 
10 1 
10 1 M 

854 

a2 3 
82 3 
82 3 

863 
823 8 6 4  
865 

NC 
NC 
NC 

NC 
NC 
NC 
669 

10 1 M H 8 6 9  
10 1 M 8 6 9  
10 1 
10 1 



' I a b l c ,  XI. Magnet ic  Evaluation Par t s  L i s t  (Continued) ~ 

SH 
TQ L T I  
EU 0 MOR 

M F G  MFG COMPNT COMPNT SA T ACE 
SEQ CODE PART NUMBER CLASS TYPE PACKAGE LEADS TN S GKL REMARKS 

1 5 5  
1 5 6  
1 5 8  
1 5 9  
160 
161 
1 6 2  
1 6 3  
164 
1 6 5  
166 
1 6 7  
1 6 6  
16 9 
L 7:: 
1 7 2  

0 1 1 2 1  TYPE GB RES FXD C COMP PLAS MLD 10 2 s 
0 1 1 2 1  TYPE T R  RES FXD C COMP PLAS MLD 10 2 
0 7 7 1 6  TYPE CE RES FXD MET FLM EPXY MLD X 10 2 901 
0 1 2 9 5  TYPE CG RES FXD GL C FLM GL TND CU 10 2 MSH 902 
1 2 4 0 1  TYPE X L T  RES FXD G L  MET FLM GL AU/DUMET 10 2 M H NC 8 2 3  
6 3 0 6 0  TYPE RX-1 RES FXD HI-MEG GL 10 2 
0 1 2 9 5  TYPE CDM RES FXD C FLM EPXY MLD TND CU 10 2 S Y O 3  
0 9 1 3 2  TYPE 9 8 5  RES FXD MET FLM EPXY MLD TND C?, 10 2 M NC 904 
0 7 7 1 6  EMrMElT -0 )  RES FXD MkT FLH PLAS MLD X 10 2 9 0 5  
0 1 2 9 5  TYPE CD 1 / 8  RES FXD PREC C FLM UMINIPNT TND CLI 10 2 
9 1 6 3 7  TYPE RH RES FXD WUJ PWRPREC SILICOhk 10 2 S L O 4  
9 1 6 3 7  TYPE G RES FXD WW PWRPREC S I L I C O & E  AU/CUWLD 10 2 M 
9 1 6 3 7  TYPE RS RES FXD W W  PWRPREC S I L I C O h E  TND CU 10 2 S 9 0 7  
0 7 1 8 0  TYPE M( ) W  RES FXD W W  PWRPREC ANDZD AL 10 2 NC 9 0 8  
0 2 9 8 5  TYPE TS RES F X D  # w  PwRPREC 10 2 NC 909 
0 7 1 5 0  X RES FXD WWPREC ENC EPXY MLO 10 2 NC 911 

1 7 4  0 1 2 9 5  T.YPE TC RES FXD SENSISTOR TO-5 KOVAR 10 2 M 6 2 3  
1 7 5  0 1 2 9 5  TYPE TGX-01 RES FXD S t N S I S T O R  GLIUMIN RODAR 10 2 
1 7 6  0 1 2 9 5  TYPE TM RES FXD S E N S I S T O R  EPXY 10 2 

1 7 7  0 1 1 2 1  TYPES L * K  RES V A R  
1 7 8  9 7 9 7 9  TYPES D-R RES VAR 
1 7 9  9 8 6 5 9  ALL TYPES RES V A R  
1 8 0  8 0 7 4 0  TYPE 6 2 0 3  RE5 VAH 
181 8 0 2 9 4  TYPE 3 0 0 0  HES VAN 
1 8 2  0 4 4 5 4  ALL TYPES RES V A R  
1 8 3  0 2 1 1 1  ALL TYPES RES V A R  
1 8 4  8 0 2 9 4  TYPE 3U51  RES V A R  
1 8 5  8 0 2 9 4  TYPES2249220 RES V A R  
1 8 6  8 0 2 9 4  TYPE 3 2 5 0  RES V A R  

GP C COMP 
GP C COMP 
PHtC C F L M  
PKEC W W  
PHtC w w  
PREC w w  
PREC d W  
T R M  C COMP 
T R M  W W  
TRM W W  

TERM 
TERM 
T EHM 
TEHM 

PLAS X 

TERM 
x 

5 T L S  STL X 
PLAS X 

10 2 
1 0  2 
10 2 
10 2 
10 2 
10 2 
10 2 
10 2 
10 2 
10 2 

NC 914 
NC 
NC 
9 1 5  
9 16 
NC 
NC 
NC 9 1 8  
9 1 8  
9 18 

1 8 9  1 2 6 1 7  TYPE MSHG-15 SWITCH DkY R t E D  GL 10 1 9 2 1  
1 9 C  91929 TYPE l H M l  SWITCH L I M  PREC HERM SLD TERM 10 1 
1 9 1  8 2 6 4 7  AT-1,BASIC SWITCH L I M  PREC H E R M  SLD 10 1 NC 
1 9 2  9 1 9 2 9  TYPE V3-245 SrJITCH SEFtSTV kt1 -TEMP SCREW 10 1 
1 9 4  0 4 4 2 6  TYPE 16 SWITCH S N P  ACTN SMIN TERM 10 1 N C  
1 9 5  1 4 6 0 4  TYPE 3 1 0 0 - 1  SWITCH THERMAL 10 1 

196 0 5 7 9 1  TYPc2426-125 TERM FThU S T U t t  GFUJSTOkF AG/oRS 2 0  4 
1 9 7  1 5 1 1 6  TYPE4532-A TERM FTKU STOFF AU/tJRS 2 0  4 
198 1 5 1 1 6  TYPE1493-A9 TERM FTRU STOFt  TEFLON A U / b R S  20 4 
2 d d  9 8 2 9 1  FT155ODTUR TERM FTKU ST i r fF  T E F L O I v  AU/bRS 20 4 
202 0 5 7 0 1  3600 SERIES TERM S P L I T  TYPE AG/BRS 2 0  4 9 2 5  I 

A -6 



Table 11. Magnetic Evaluation Parts List (Continued) I 
SH 

T Q  L TI 
EU 0 MOR 

Y F  C, '1FG COXPNT COMPKT SA T A C E  
5 t d  C O D E  PART hbX,at ' i  CLASS T Y P t  P A C K A G E  LEADS TN 5 GKL R E M A R K S  

2 b 3  1 5 1 1 6  4 5  d r 5 ~ [ ! 0 S E R  T E R M  S P L I T  TYPE A U / b R S  2 0  4 9 2 6  
2 b 6  3 5 7 9 1  TYPE 5 - 1 - T  T E e X  STOFF TEFLON AG/BRS 2 0  4 
267 9 8 2 9 1  T Y P E  ST25LSL TEk;.l STUFF TEFLON 20 4 

2 1 2  1 5 8 C 1  TYPE G A b l L 3  T M T R  B t A U  G L / S M I N  PT/IR 10 2 
2 1 3  1 5 8 0 1  TYP' t  J A 4 1 L 2  TMTfi d1 sc M I N  TNU CU 10 2 
2 1 5  8 3 1 8 6  T Y P t  33A5  TMT2 PrlUBE G L / M I N  T/DUMET 10 2 M 623 
2 1 6  1 5 8 3 1  TYPt  G a 4 1 J 1  T u T R  RDI, STD TND CU 10 2 9 32 

2 1 7  0341C T Y P E  M X - 1  ThEQYO D I S C  S M I N  
2 1 8  82647 TYPEC4344rM l  T h E R Y O  D!5C M I N  
2 1 9  73168 TYPE 324CC THER'10 H t C T  M l N  
2 2 ;  9 3 9 2 9  T ' f P L C B v C 8 - 5 2  T H t R Y O  ADJ M! N 

1 0  2 NC 
1 0  2 NC 
10 2 f\iC 
1c 2 NC 

2 2 1  1 1 9 6 1  T Y P t  2 2 3 3  XFYH B L C G  GSC E P X Y  TND CU 1G 1 934 
2 2 2  8Q223 T Y P E  U68 XFMR BLKG OSC M I N  1 0  1 
2 2 3  Rll,"J5 S P l l  XFMR I h T R S T G  E P X Y  t41 10 1 M 9 3 5  
2 2 4  2 9 3 4 3  XFYH SPL TYPtS  T T  
2 2 5  E 7 2 2 3  TYPt  01-T  XFYH vai i  I ous SNlN TND C U  10 1 
2 2 6  qC.22? TYPt  Su-T X F ' 4 H  V A ; ?  ICLJS $1 1 I\, TNL: C c j  10  1 9 3 6  

T s i H  
T S T R  
T S T H  
T S T R  
TSTk 
T a l H  
TSTH 
Ts lR  
T S T H  
T S T R  
T S T 2  
TSTH 
TSTR 
T b l d  
T 5 T X  
T S T d  
T L T ?  
1 S T  .? 
T S T R  
T h T R  
7s: i 
T5Tr< 
T5,TI-C 

T u - 1 8  K b V A H ( 4 )  20 4 M 8 2 3  937 
Ta-18 K O V A H  20 4 M 5  8 2 3  938  
Td-18 Y G V A R ( 4 )  2 0  4 M 8 2 3  9 3 9  
TC- 5 K U V A R ( 6 1  20 4 M 6 2 3  940 
TO-5 h G V A R ( 6 )  20 4 M 8 2 3  
TU-5 h u V A k  LC 4 MS h C  623 

COVAH 20 4 M X X  623 9 4 1 - 4 3  1 3 - 1 6  
TG-5 K O V A R  20 4 M X X 8 2 3 ~ 9 4 1 ~ 4 . 5  
Td-18 KCVAH 2 0  4 M X X  8 2 3  9 4 6  
7 0 - 5  KOVAR 2 3  4 M X X  8 2 3  9 4 7 - 4 8  
2 M N G  SPL 20  4 ;J C 

3xhL SPL LO 4 iuc 
Tu-5 h U V H d  20  4 6 2 3  
T3-8 K O V A f i  2 0  4 M 8 2 3  9 5 0  
5PL v H E L T  20 4 
5PL ST2i4T 20  4 9 5 2  
S P L  S T d M T  20 4 
SP i STDMT io 4 
SPLsTSt4T < U V A H  
sPL k E C T  20 4 x h C  9 5 4  
2PL S T L O  2 G  4 X 9 3 5  
Id-5 C b V A h  LO 4 L*( a d 3  937 

SP L STDM1 20 4 x ruc 9 4 9  

FiC 951 

2 6  4 14 023 9 5 3  



Tab le  11. Magnetic Evaluation Parts Lis t  (Continued) 
;ti 

T b  L T I  
EU u MOR 

'4FG MFG COMPNT COFFhT SA T ACE 
SEO CODE P A R T  N U Y O E R  CLASS T Y P ' t  P A C K k G b  L c A U a  T r t  5 GKL H t t * r \ h K s  

2 5 3  
2 5 4  
2 5 5  
2 5 6  
2 5 7  
2 5 8  
259 
2 6 0  
2 6  1 
2 6 2  
2 6 3  

1 2 0 4 0  2N328A 
11530  2N659 
9 4 1 4 5  2 N 1 6 5 6  
0 7 7 1 3  2N328A 
01295  2N93J 
R E  SERVED 
C9213  2N338 
08732 2N886 
0 8 7 3 2  3C60A 
0 9 2 1 3  2 N 4 9 l B  
0 7 2 6 3  2N917 

TSTR 
TSTR 
T S T R  
T S T K  
TSTi? 

TSTR 
TSTR 
TSTH 
T S T R  
T S T H  

Sw I TCH 7 0 - 5  
T2IGISTOR TCJ-18 
K T 3 - 9  
C J T  Td-5  
V n F  AMP T G - 1 8  

k L V A i ;  2 0  4 l,ix r ic 0 2 >  
h C V A h  L O  4 14 d23 9 5 9  
h i ; V F K  2 0  4 M 8 2 3  
K C V A K  LO 4 i 4X  b L 3  960 
K G V A ~  23 4 Y X X  323 961  

2 6 4  0 1 4 5 3  T Y P E  5 8 0 6  TLiBE EL ELkCTRuY SP-:Ih 13 1 iu  C 

2 6  7 
2 6 8  
2 b 9  
2 7 0  
2 7 2  

2 7 7  
2 7 8  
2 7 9  
2 8 Q  

0 7 4 9 7  
82 3 890 
1 5 1 1 6  
1 5 1 1 6  
8 2  6 7 9  
e 7 1 4 5  
,17145 
)r 

991 1 4  

1 2 5 1 5  
9 8 0 5 3  

9 3 4 8 4  

RG-214/U ry + C8L 
Q G - l l A / U  Y + CBL 
T Y P t 3 u - j b U 4  d + CaL 
5 ~ - 3  9 2" C W w + CUL 
R G - 2 1 3 / U  d + CBL 
R G / 3  T Y P t 5  w + CUL 
RG-141A/U d + CUL 
TYPE E w + CBL 
TYPE E w + CBL 
TYPt  E w + CdL 
T Y P t  t * + C O L  
TYPE E w + CdL 

2 8 6  7 1 4 3 0  TYPEGFA-1/20 F U S t  S V I N  TPd3 cu 16  1 

2 8 7  , 3 3 9 1 1  TYPt  CL7C5L PrtCTJCtLL*:A3 5 T3-5 2 3  4 

A -8 



Table III. Remarks 

r 

a 
8 0 1  INCLUDES TYPE TC-N47C 
832 TEMPERATURt STABLE 
8U3 MOLOEO tPOXY PACKAGt 
8C4 INCLUDES TYPE C K 1 S ) A h l - l  TYPE VI( 
8 0 5  A V A I L  LEADS SWLD~K-CWATEZ C b ~ ~ t R * G O L d - k L A S H t O  dJMtT*c)R NICkEL 
8G6 INCLUDES TYPE BSF 
807 INCLUDES TYPE BSS(SI 
808 INCLUDES TYPE C Y ( S * H )  AND TYPE V Y  
809 INCLUDES TYPES CM15,CMZO 
8 1 0  INCLUDES TYPES DMlO THHU DM3CoTND CU LEAUS MUST UE SPECIF IEO FOR ALL VALU€S 

8 1 2  INCLUDES TYPES 601PE*663F*663fH*663UW.NONMAG 4 H E k  SUPPLIED W/SPL CU LEADS 
8 1 1  RESERVED 

8 1 3  INCLUDES TYPE 616G 
8 1 4  INCLUDES TYPES L S 1  AND AS2 
8 1 5  INCLUDES TYPE l 8 2 T  LEVEL A Ah0 TYPE 1 8 2 T  LEVEL B 
8 1 6  LEADS ARE ALLOY 1 8 0  W I T H  GOLD PLATE OVER COPPER PLATE 
8 1 7  RESERVED 
818  INCLUDES TYPE 2 5 0 D  
8 1 9  APPLIES TO 1 2 5  DEG C SEHIES ONLYoNONMAG ONLY W/ALLOY 1 8 0  LEADSsSPL OHDER 
8 2 0  1NCLUL)EO VALUtS  TYPLb 1 2 0 D ! ~ ) r 1 2 1 D ( ~ ) r 1 2 2 D ( H ) r 1 2 3 U l n ) r C L 3 3  
8 2 1  RESERVED 
8 2 2  INCLUDES TYPE VC23G. METAL PAKTS PHOSPHOR BKONZEI SILVER9AND INVAR. 
8 2 3  KOVAR*DUMtT*INVAR*CdPPERWELU LLADS A R t  EXTREMtLY FERROMAGNETIC. 
824 INCLUDES SERIES D1-52*DI-72,DI-42rDI-1515 
8 2 5  INCLUDES 1 ~ 1 5 8 3 r l N l 5 8 5 ~ l N 1 5 8 7 ~ l N l l 2 4 ~ S ~ * l N l l 2 6 ~ S ~ ~ l ~ l l 2 8 ~ S ~  
8 2 6  INCLUDES 1 N 2 6 1 1 ~ S ~ ~ 1 N 2 6 1 3 ~ 5 ~ r l N 2 6 l 5 ~ S ) - P U R / 1 N 2 6 2 3 A ~ ~ E F ~ ~ R E C / l N 3 O l 6 ~ 3 O 3 O ~ ~ ~ G P  
8 2 7  INCLUDES lN645lSi~)rlN647(5),lN649[S)-P~~/PS52C~[SI~/CMPT~) 
8 2 8  INCLUDES SCZ*SC4,SC6rSC8rSC10 
8 2 9  H I -REL  DIOUE.SAME PACK4Gt AS 1h645 
8 3 i  INCLUDES l N 1 1 2 4 ~ 1 N 1 1 2 6 r l N 1 1 2 & 4  
8 3 1  INCLUDES l N 2 0 6 9 ~ 1 N 2 0 7 0 r l N Z C 7 1  
832  INCLUDES l N 6 4 5 r l N 6 4 7 r l N 6 4 9  
833 INCLUDES lN1583r85*87-Ph'R/lN1351*53*55*57*59-REFGP 
8 3 4  INCLUDES l D 1 1 8  THROJGH 102D4Jd 
8 3 5  INCLUDES l N 2 8 1 0 A * l N 2 8 2 0 A  
8 3 6  INCLUDES PG960B THRU PGY716 
8 3 7  COLD-ROLLtO STEEL-PACKAGtD 
8 3 8  INCLUDFS 1 N 1 3 5 1 r 1 ~ 1 7 5 3 r l N 1 7 5 5 ~ 1 h 1 3 5 7 ~ 1 N 1 3 5 ~ ~ 1 0 M 2 1 4 2 b 1 ~ 1 0 M Z 1 6 2 & 1  
8 3 9  INCLUDES l N 2 8 1 0 A i l N 2 8 2 0 A  
8 4 3  INCLUDES lN3283rlN756rlN827A*lN944B*lN3286~2-4C 
8 4 1  I N C L  l N 4 5 9 A ( S - S I G / C M P T ~ ) / 1 N 7 4 6 A - 7 4 6 A - 7 4 d A * 7 5 ~ A * 5 2 A * 5 4 a * 5 6 A * 5 8 A l H ) * 5 ~ A ( S - R E F * ~ P )  
842 I N C L  P S 4 6 4 ~ ~ 4 6 4 l r 4 6 5 3 ~ S ~ H ~ H E F I G P ) / P C 1 G 7 r l l Z I 1 1 5 ~ 1 1 6 ~ 1 2 6 ~ 1 3 7 ~ V A ~ ~ 1 C A P ~ )  
8 4 3  INCLUDES l N 7 6 1 r l N 3 5 0 4  

8 4 5  INCLLJDLS l N 2 0 3 3 * 1 N 2 0 3 9  
8 4 6  INCLUDES 1 N 3 0 1 6 r 3 0 1 8 ~ 3 ~ 2 3 * 3 ~ 2 2 ~ 3 ~ 2 ~ * 3 0 2 6 ~ 3 0 2 8 ~ 3 0 2 9 ~ 3 0 3 0  
8 4 7  INCLUDES C 3 4 2 4 6 r C D 4 1 1 3 ~ S P 3 3 u l O O  
8 4 8  INCLUDES l N 8 2 ! / 1 N 8 2 2 ( S )  

8 5 3  INCLUDES l N 4 5 9 A ( S ) * l N 7 5 0 A  
8 5 1  INCLUDES k 3 3 ~ ~ r F D 6 4 3 , F ~ 1 1 ~ 4 t s r n ) / F u 1 2 6 r F 0 1 2 0 1 r F 0 2 Y ~ ~ k ~ 3 ~ 6 ~ F ~ ~ 4 6  
8 5 2  INCLUDES Y R 1 U ~ H F 1 C 1 7 7 ~ S I G / C M P T h ) / l N 1 9 3 1 ~ 1 ~ 1 9 3 4 ~ R E F  GP) 
8 5 3  INCLUDES Y C 1 2 9 1 ( S * H I * M C 1 7 3 9 K  
8 5 4  INCLUDES TYPES M C - 8 3 r l N 3 5 9 3 1 T I - 2 )  
8 5 5  SPL I N 3 5 9 3  W/EPOXY CASE AN3 P T  LEAUS 
8 5 6  AG ON B R A S S /  PHOSPHOR RRDNZE 

8 4 4  INCLUDES i ~ i 8 ~ 5 - ~ i ~ i a o 7  

849 NO C O D E .  AMERICAN M I C R O  3 E V I C f S * I N C o * P H O E N I X  ~ O I A R I Z .  



Table 111. R e m a r k s  (Cont inued)  

8 5 7  I FICLUdf 5 8 1 6 6 ~ r 8 2 0 8 8 A r 8 1 7 5  
8 5 8  A P P L I L S  T O  ALL tXCEPT 8000 5 t H I k . 5  (ALUMIFUclM) 
8 5 9  VUST dE S P t C 1 F I t d  WITHOUT N i C K t L  F L k S n  

361 Q E S E R V F D  
8 6 2  RFSERVE3 
8 6 3  T E S T  TGTAL OUAlJTITY OF SDkCIAL-ORDtR INDUCTORS 

8 6 5  TOROID-WOUN3r MOLDED EPOXY CASE 
8 6 6  INCLUDES ~ L F ~ F L I P - F L G P ) ~ M L C ~ G A ~ ~ ~ ~ M L ~ ~ H A L F - S H I ~ T R E G ~ S T E R ) I M ~ ~ ~ B U F F E R )  
867 INCLUDES S N ~ ~ ~ ~ S N ~ ~ ~ ~ F L I P ~ ~ L O P ) ~ S N ~ ~ ~ ~ A T E ~ A ~ D ~ ~ O R ~ I S N ~ ~ ~ ~ G A T E O R )  
868 RESERVED 
860 THPU 89R RESERVED 

9 C 3  INCLUDES GUT 1 1 2  AND GBT 10 LLAdS ARE ALLOY-COATED COPPER 
9 b 1  INCLJDES CEAICEUICEC. LEADS ARE ALLOY-COATED COPPER 
9 0 2  INCLUDES CG 1 / 8 1  CG 1 / 4 0  
9ci3 IhCLdOES CDY 1/8*CL7M 1/40 

863 % 1 0 3 I F I E D  TYPE € 9  i 'S  STYLE 

864 HIPERMALLOY C A S E  

a99  MACWTIC LATCHING 2 ~ 2 :  

9U4 INCLCIDES 9 6 5 5 - 2 * 9 6 5 2 * 9 8 5 0  

i , INCLVDES Rl+- l i l *RH-25rRH-50 
9L17 INCLUDES R S - l ~ r R S - Z A I R S - Z r K S r ~ r R ~ - l O  
9 0 8  INCLUDES M~OW*YZSWIMSOW 
9 u 9  IhCLUDES T S ~ W ~ T S ~ W I T ~ ~ W ~ T S ~ W ~ T S ~ O W  
910 INCLUDES TYPES L A C v L F B r P B  
911  INCLUDES ALL MIL-H-93C TYPES 
9 1 2  R E S E R V E D  
9 1 3  INCLUDES TYPE5 E P - ~ O I E P Z ~ ~ ~ O ! P I A N D  ALL OTHER MIL-R-93C 
9 1 4  IhiCLbDFS TYPE L - l / 2 w ~ .  TYPE h-3W 
9 1 5  !NCLUDES ALL H t L I P O T  TYPES 
916 LEADS A R E  GOLD P L A T t D  P R I N T t D  C I R C U I T  P I N S  
9 1 7  RESERVED 
9 1 8  A V A I L  W / T t p L O h  A I H E  LEAUSrAU P L k l t U  SOLDER LUGSIOH AU P L A T t U  CKT PINS 

ihCLUGES E K r M E A I T - O ) r M E U ( T - O ) , M E C ( T - O ) o  LEADS ARE ALLOY-COATED COPPER 

919 IMCLUDFS SEI? 6<,GhV",ER 1500NM 
92C NO CCDE. TECdNO-CUXPOhtNTS CO~P.rNOHTHRIDGE,CALIFo 
9 2 1  ACTUATE@ tITHER 3 Y  CO!L OR PEkMANENT MAGYET 
9 2 2  9tSEHVF!> 
0 2 3  INCCJOES F T - S ~ - ~ P ~ C ~ F ~ ? O ~ ~ P ~ U I F T - S M - ~ ~ U R F ~ O  
9 2 4  INCLUCkS D F - 1 u l r D F - 1 0 3  
9 2 5  l h C L  3 6 3 5  Sk2 TYPES 3 6 ? 0 - 2 r 4 / X 3 6 3 ~ - 2 / 3 6 3 1 - 2 r 3 / X 3 6 3 1 - 2 / 3 6 5 0 - 2 * 4 / X 3 6 5 0 - 2  

9 2 7  G O L O  FLASHrCADYIUM PLATE OVLH bRASS 
Y28 I N C L  T ~ - 1 1 1 ~ 6 M ~ T S ~ 1 1 L - 6 ~ r T S ~ l l i ~ 6 ~ ~ T S ~ 1 1 2 - 6 F ~ T S ~ 1 1 1 ~ 1 1 T S - 1 1 ~ ~ 2  
9 2 9  INCLUDES 6 2 2 G r  6 2 5 G  
4 3 3  SILVEQ-PLATE3 ALUMlNUM AVAlLAt jLE 
4 3 1  INCL'JDFS S Y T  R-P2Or S C T - 1 3 3 P C  
9 3 2  INCLUDES TYPE O H 4 1 J l r T Y P E  RA43L1 
9 7 3  P Y 7 C ? V ! = ' 3  

9 3 4  IPICLd0E.S TYPE 2 2 3 d r  T Y P E  5 3 4 3  
9 3 5  IrrlCLdDEa S S l l r  SPZl(i3RIVEH)r S ~ 6 6 ( ~ U T P J T - I 5 G L A T I O N )  

9 3 7  I K C L ' J D E S  TYPES N S - 3 0 0 1 r 3 N 7 3  
938 IFtCLuOEb TYp:5 L N 9 4 1  TnOUSr l  2 N 9 4 6 t C ~ O P P t ~ ) r Z N 9 4 0 ( ~ ~  SIG) 
3 3 9  INCLJDES S K . 2 7 ~ 4 9  2 N 2 4 3 2  
941 IhCLUDES 2N2Q6k~r  5 4 3 7 1 9  5 4 3 7 2  
9 4 1  4VAILARLE I N  10-51 GLASS PACKAGE W1TH PLATINUM HIuBON L t A D S  

026 I ~ C L ~ ~ ~ J ~ S E ~ * ~ ~ ~ O ~ S E R ~ T ~ ~ E ~ ~ ~ ~ ~ ~ * D ~ X ~ ~ O ~ B ~ ~ ~ ~ ~ ~ ~ C ~ X ~ ~ ~ S ~ ~ ~ O ~ ~ B I D ~ X S O ~ ~ ~  

4 3 6  ! N C L U D E ~  3 0 - T ~ 1 0 , ~ O - T 1 9 r D 0 - T l ~ ~ ~ O - T 8  

A-10 



Table 111. Remarks (Continued)  

9 4 2  INCL.LN/.,B(b*n) r 7 1 8 P * 7 2 2 ( H )  9 Y 6 Y r 9 1 0 ( S 9 t i )  r 9 1 1 ( 5 ) r 9 1 L ~ ~ ) ~ 9 1 4 * 9 1 5 ( 5 ) ~ 9 ~ 6 ~ 9 5 6  
9 4 3  
9 4 4  I ~ C L ~ ~ N 1 1 3 1 ~ S ~ r 1 1 3 2 ~ H ~ , 1 6 1 3 ~ S * t i ~ ~ l 7 l l ~ S ~ ~ 1 8 9 O r l 8 9 3 ~ S * H ~ * l 9 7 3 * 2 O 4 9 ~ 2 2 9 7 ~ S ~  
9 4 5  INCLUDES S 4 2 8 S ( H ) * S 4 3 7 4  
946 INCLJDES L N 2 2 2 2 ( S r d l * 2 Y 2 5 0 1  
0 4 7  I N C L ~ 2 N 1 6 1 3 ( S r ~ ) ~ l 7 1 1 ~ 5 ~ ~ 1 8 9 3 I S ~ H ) 6 5 7 r l 1 3 2 ~ M ~ D  PWRILN1506-SM S I G  
9 4 8  !NCLUDES 2N249792498-FET 
949  I N C L o 2 N 1 0 1 6 A ( S ) r l U l 6 d ~ l O l 6 C ~ l b l 6 D  
9 5 3  INCLUDES 2 N 2 0 3 5 r Z N 2 0 3 6  
9 5 1  INCLUDES 2 N 3 8 9 ( S )  e214424 
9 5 2  INCLUDES 2 N 1 0 4 8 8 * 2 ~ 1 U S ~ ~ . S P 9 2 6  
9 5 3  SPECIAL 2N1714  IN ZN1718 DuUBL~-ENUED STUDMOUNT PACKAGE 
9 5 4  INCLUaES 2 N 3 8 9 ( 5 ) . 2 N 4 2 4  
9 5 5  IYCLUDFS 2 N 1 ~ 1 6 A ( S ) ~ l 0 1 6 B ~ l ~ l 6 C ~ l O l 6 D ~ 2 2 2 6  
956 NONMAGNETIC V E R S I O N  O F  2N1506A 
9 5 7  INCLUDES 2 N 1 2 3 4 r  2N1257  

959 INCLUDES 2 N o 5 Y * B 6 1 r B 6 ~ , 2 ? ~ ~ * 2 1 7 8  
96" I N C L . 2 N 3 2 8 A 1 2 N j 2 9 A ( S ) / L " ? 4 6 9 , Z N 1 9 1 7  
7 6 1  I N C L . 2 N 9 3 0 r 2 4 1 2 ( S ~ H ) / 7 1 8 A * 7 8 ~ ~ 7 4 O - S M  SIG/2N956-MED PWR 
362 iN'LUD'S 2 'V338*2N2192A*ZN2323W 

964 INCLJPFS ~ C ~ . ~ A ( T R I G I S T O R ~ / ~ A ~ ( J ~ ~ ~ A ~ O ~ A ( C O N T R O L L E D  SWITCH) 
955 I N C L J D E S  2 N 4 9 1 8 r 2 N 4 9 2 R 1 ~ Y / Z N 4 9 1 6  
766 I NCL'JDES 50-39469 5 0 - 3 9 4 7  
'267 INCLQIUES H G - S ~ ~ / U I R G - ~ ~ C / U * H G - ~ ~ O / ~ * ~ ~ - ~ C ~ A / U  

9 6 0  L E A I ) S '  5 F A r  RG-B/U 

9 7 1  IPdCL'JCES l X ~ - 2 J - 1 Y 3 2 ( 2 ) 5 F J ~ l X T - 2 0 - 7 2 8 S T J  
Q72 S I h J G L E  AND OJAL COh@UCTOR*INS'T tFLON* COND' A J / C U  
9 7 3  C O N D U C T O ? '  TND CU 
'974 hU0 C O ~ J E . ~ N ~ I A N A  G t N t Y L L  CORPorMAGNLT D I V o r V A L P A k A I S O r I N D o  

I N C L o 2 N 9 9 5 * 2 3 6 9 * 2 4 a 4 / s 4 3 ~ 1  ( H I  954372 ( t i )  

958 INCLUDES 2 x 3 2 8 ~ ~  2 ~ 3 2 9 ~  ( s )  

3 6 3  INCLJCIEL 2xa86  2 ~ 8 9 7  

368 NO CUDEoVICTdR L L L C T O  WIRL + CABLt  CORPo~WoWAHWICK*RoIo 

97 99 C0DFofi.L. (>ORE A!VD ASSOCS.*lNCo* NEWAdKe DELArJARE 

A - I  1 

52- 



00614 
a 

00656 
00872 
01121 
01281 
0 I295 
01961 
021 1 1  
02735 
02985 
03034 
0 3 890 
0 3 9 1  1 
04099 
04426 
04454 
04713 
04867 
05079 
05277 
e 5 3 3 7  
05791 
05973 
06090 
07088 
07145 
07150 

07256 
07263 
07497 
07713 
07716 
97910 
08145 
00732 
08795 
08798 
38806 
69026 
G9132 
09213 
092 14 
09349 
11313 
11530 
1204L 
12060 
12065 
12401 
12515 
12617 
13098 
13934 
14099 
1 4 5 5 2  

'Table IV .  Federal  Stock Codes 

L E A C H  COKP.. C U ' d P T O N 9 C A L I f  S n i k I k  
AEROVOX CORP. NLW O L D F O ~ Q ,  r h J \ L s .  
AMELCO.  iF tCo*  MOUhTAIh V I E W ,  C A L l t J R N I A  
A L L t N  B R A D L E Y  COO 9 Y !  L d A U K E L  4 9 VJ 1 SCCELS I N 
P A C I F I C  S E M I C O N O U C T O K . I ~ C . * C ~ L V ~ ~  C I T Y ,  C A L I F O R N U I A  
T E X A S  I N S T R U Y E N T S , I ~ C . ~ S E M I C 0 ~ D ~ C T ~ R - C ~ ~ ~ ~ ~ D I V . ~ ~ & L L A S ~ T ~ X ~ ~  
PULSE E N G I N E E R I N G I I N C I S A N T A  C L A F ? A , C A L I F U R N I A  
S P E C T R O L  E L E C T R O ~ U I C S  C d I H P o r  S A k  G ~ Q K I C L I  C P L I F O R h I A  
R A O i O  CORP. OF A M t R  1 C A  t S t M  1 COlu t ) .  AND M A T E H  I A L 5  31 ' J .  9 S O M t R V I  L L E  * f . l .Jo  
T E P H U  t L t C T H I C  C O k P o r R U C n t S T t t t  49 N t d  YudK 
P E N N - K E Y S T U N t  CORP.. O t H b Y v  COhNo 
M A R K E L e L o F R A N K  A N D  S C N S I N O R P I S T O & *  PA. 
C L A I R E X  C0RP. r  NE!4 YORK 1rN.Y. 
C A P C O  C A P A C I T O R S r D I V  T E X T O O L  P H O D U C T S I I ~ V I ~ G . T E X A S  
L I C O N  D I V m * I L L I N O I S  TOOL WORKS, Ct-iICAGO 3 4 r I L L .  
L I T T O N  I N O U S T 2 I E S r  I ~ \ ( C , C C ~ M P C , I ' ~ E N T ~  > I V ,  NOUN1 \/EdluLty)tYtlh'  YSRI, 
M O T U R O L A  SE-HICONOUCTUR P k C U 0 c T S r I Y C . r  PhbtNIX*ARIZ. 
H I R A ;.I 
T A N S 1  TOR E L E C T R O N I C S *  1hC.m. B E N N I N G T O N ,  VT. 
WESTINGHOUSE E L E C T R I C  C O R P . r S E ~ : C C h D . D I V . r Y ~ U r ~ ~ ~ @ ~ ~ *  PA. 
KEHET 3 ! ? t d N ! O N  C A ! ? d ! 3 t  A?.D CAK=U?r  ' U K V , C L t V E L A N D  l r L * i ! O  
L Y N - T R O N I I N C I N O R T H  H O L L Y W O O D * C A L I F 0 9 N I A  
A M E R I C A N  S U P E K - T E Y P E K A T U ~ E  W I R E S ~ I h C . r ~ I N O O S K i r  VT. 

K E L V I N  L L t C T R I C * I N C *  V A N  N U Y S v C A L I I - O R N I A  

JON E S E L E C T Q 0 N I C 5 9 Y vi? €3 A r\, r( 9 C A L I I- OH N I A 

R A Y C H E M  COHP. rREDWOO0 C I T Y * C A L I F 3 K h I A  

T I M E S  d I R E  A N D  C A B L t  U 1 V . r  I N T E ~ h A T I u N A L  LiLVkh C ~ . , ~ ~ L L I ~ U G F ~ ~ G ~ C ~ ~ ~ ~ .  
G.B.COMPONENTSr 1NC.r V A N  N U Y S r  C A L I F O R N I A  
SAGE L A B S .  1NC.r N A T I C K I  +'ASS*  
S I L I C O N  T R A N S I S T O ' ?  C 8 P P . r  C A R L E  P L A C E ,  N.Y. 
F A I R C H I L D  S E M I C O N D U C T O K I  M U d N T A I N  V I E W ,  CALIFOPNIA 
F X R  O I V .  ~ A M P ~ E N ~ L - ~ ~ O ~ X G  t L E C T k O N I C S  CORt". r t J A N L G R Y * C b i q l q .  
S P E R R Y  S E M I C O N D U C T O h  0:V. S P L ~ K Y  k A h C ,  CuKP.9  I t L ) 9 f , A L C s  Cbh ik .  
I N T k ri h A T I 0 lu A L 
C O N T I N E N T A L  D t V l C E  CUSP-* h A & T f + G f i h E *  C A L I F C l 2 N i A  

h ' t  S I S T A h  c t C C H  P SLld L I h G  T d i u  3 1 V 9 B U R L  1 FIG T C J ' ~  3 1 i, n A 

3.5. E N G I N E E R I N G  C 0 . r  U I V .  L I T T O h  ! N D U 5 T H I E S ,  1 f : C . r  V A Y  i i u Y > *  C A L I F .  
S O L I D  S T A T F  P ' ? O D U C T S * I N C . t  S r L F P ,  MASS. 
R A Y C L A D  T C ~ R E S I  1NC.r PEDk001 '  C I T Y ,  C A L I F C q h I A  
G E N E R A L  E L E C T R I C  C O . * I h J .  S L L t S  O P ~ . S E C T 9 9 e - 7 5 * S C ~ E h t C T A D v r h ' n  YORK 
G E N t H A L  E L t C T H I C  C O O  * M l t \ I A T d < t  Lqi.'c-' L E k T - r C L t V t L A N G  1 2 ,  d-13 
t!ABCi)CK R ~ L A Y  D I V . r d A t 3 C d C K  ~ L L C . C J I < ~ ' . ~ C J S T P  X E S A ,  C A ~ l f - 3 i h J 1 A  
D A Y  5 T RUM 9 I h C  9 CON T R U L  3 I V 
G E N E R A L  E L E C T R I C  C O . * S L N I C ~ ~ L J J C T O ~  P R i ) b d C T S  D t P T . * ~ Y 2 f i C v > t r  h o Y .  
G E N E R A L  E L E C T Q I C  C O m r R E C T  I F  ItH COr'PONENTS D t P T . r A i , t U R h *  ${EA YURK 
M A G N E T I C  . C I R C U I T  f L F ~ E N T S , I N C . r ~ O h T R O S E l  C A L I F O R I Y I A  
RFED AND R E E S E i I h C .  9 P A S A 3 F ' ) l A r  C A L I F C P P i I A  
P H I L C O  C O R P o r d E S T E H N  d E ' v ' L 0 l ~ P " t L l  L A B S *  P A L O  ALTL),  C A L  I F b R h I A  

5 Y 5 T t l "S  I N C  9 L A  JCLL A 9 C A L I t G R h  I i, 

NATIONAL S E M I C ~ N D U C T C ~ R  C O R P . ~  i ) k r - t j J i i Y ,  CUM,. 
D i O L ) E S *  INC., CANOGA P ' A Y K I  C ~ L I F ~ K F ~ I A  
T H A l Y S i T K u N  t L t C T K C i l v l C  C 3 R P . r  w k < t r ; t L 3 * 1 Y n S S .  
I N T E R N A T I O h A L  R E S I S T A i U C E  CQKP.  r P t i l ~ A D t L P n 1 A  D l  V. r P t ~ I L M ~ t L P ~ 1 ~ ~ ~ t t i ~ ~ t .  
T H E X M A T I C S r I N C . * E L M  C ? T Y i h . C .  
H A M L I N .  I N C .  9 L A K E  Y!LLS, i J I S C U N S I P i  
T E K N I N A L  D E S I b N S r  1 N C . r  ?io A k L L h C . C T U ? u *  r4.J. 
WICWEC C0RP. r  GS-iKOSMr ? t 3 F A S C A  
S EM T ECH 0 I V . L)F CON T I F L f* T F L L t 1' I C t * P i t  wtU k Y P A R K ,  C A L  I F b H ? d  1 & 
M I C K O  5 E M I C d N U U C T L ) d  C U K ~ O ~  L I ILL~H C I T Y *  C A L ! t b K h ! A  



Table IV. Federal Stock Codes (Continued) 

14604 €LMWOOD SENSORS, 1NC.r CHANSTON 7r Roto 
14674 CUHNING GLASS, Cdi+NING, h.Y* 
15116 MICROilOT*INC.r SOUTH PASADENA, C4LIFORNIA 
15287 SCIONlCS C0RP.r CANOGA PARK, CALIFORNIA 
1 5 4 5 3  ERIE. ELECTRONICS DIV.9 ERIE RESISTOR C0RP.r ERIE, PENN. 
15801 FENWAL ELECTRONICSI 1FuC.r FRAMINGHAM, MASS. 
18626 DRIVER-HARRIS COmrIiARRISON~N.Jo 
21520 FAhrSTEEL MtTALLURGICAL CORP., N o  CHICAGO, ILL. 
45402 PACIFIC SCIENTIFIC COO, LO5 ANGELES 22, CALIFORNIA 
56289 SPHAGUE ELtCTRICs luL)UTn ADAMSr MASS. 
63060 VICTOREEN INSTRUMENT COor CLtVkLANO 39 OHIO 
71400 BUSSMAN MFG.DIV.,MCGRAW-EDISON CO.rST.LOUIS 7 ,  MO. 
71468 CANNON ELECTRIC C0.r CCS ANGELES 3 1 ,  CALIFORNIA 
71482 CoPoCLARE AND COO, HOLLYWOOOI CALIFORNIA 
71590 CENTRALA0 DIV. OF GLOBE UNION9 1NC.r MILWAUKEE, WISCONSIN 
71785 CINCH MFG C0RP.r CHICAGO, ILL. 
72259 ~YTHONICSIINCIESSEX ELtCTRONICS DIV, BERKELEY HEIGHT5,NEW JERSEY 
72354 Jo L O  I-AST Ah0 CUor CHICAGO* ILL. 
72699 GENERAL INSTRUMENTI 5EMICGNDUCTOR DIV., ELIZABETH. N o d o  
72928 GUDEMANI INCor CHICAGO. ILL. 
73168 FENWALt INCor ASHLAND, MASS. 
73253 HUGnEb AfKCRAFl CO..StMICONDUCTOR DIV., NEWPORT BEACH, CALIFORNIA 
73899 JFD ELECTRONIC CORP*rCuMPONtNTS DIV.9 BROOKLYN. NOYO 
74970 EoFoJOHNSON COO, WAStCAI MI". 
76433 MICAMOLO RADIO, t3ROOKLYNr NtW YOKK 
77342 POTTER AND BHUMFIELDIDIVOOF A.M.F.COo, PRINCLTON, AND. 
77764 RESISTANCE PRODUCTS C0.r HARRISBURGIPENN. 
77820 BENDIX CORP.,SCINTILLA DIVo,SIDNEY, NEW YORK 0 78277 S I G M A  INSTRUMtNTSr 1NC.r BRAINTREE, MASS 
8C223 UNITED TRANSFORMFR CORPs,  NEW YORK 13,NEW YORK 
8C294 BOURNS,INC.rTRIMPOT UIVO~RIVERSIDEI CALIFORNIA 
80740 BECKMAN IN5TRUMENTSrINCe. HtLIPOT U I V . ~ ~ U L L E R T O N I C A L I F O R N I A  
81095 TRIAD TRANSFORMtK COKP*rUIV*LITTON I N D U S T R I E S ~ I N C . ~ V E N I C t , C A L I F O " I A  
81453 HAYTHtOEv COsrINUUSTHIAL COMPONENTS D1V.r NEWTON 589 MASS 
82110 GUDEBROD BROSoSILK COO INCo,ELECTRONICS OIV.rPHILADELPHIA 79 PENN 
82647 TEXAS INSTRUMENlS,INC.,METALS AND CONTROLS D1V.r ATTLEbORO, NASS. 
82870 ROYAL ELECTRIC CORP., PAWTUCKETrR.1. 
83186 VICTORY ENGINLERING COO, SPRINGFIELD, NoJo 
84171 ARCO ELECTRONIC5 C0.r GREAT NECK, NEW YOHK 
88997 UNION SWITCH AND SIGNAL DIV.rWESTINGHOUSt AIR 8RAKE CO.rPITTSBURGH+PA 
89037 GOOU-ALL DIV. TRW tLtCTRONICS, CHICAGOI ILL0 
90464 SUKP'RtNANT MFG. CO.*CLINTON,MASSo 
91418 RADIO MATERIAL CORPo, CHICAG9r ILL. 
91637 DALE. E L E C T R O N I C S I I N C . ~ C O L U M ~ ~ I J S ~ N E S R ~  
91662 ELCCI C0RP.r WILLOW GROVE, PENN. 
91929 HONiLYWELL, M I C R O  SvJITCH D1V.r FREEPORT. ILL. 
91984 MAIDA DEVELOPMENT C O O *  PHOEBUS, VA. 
93332 SYLVANIA ELECTRIC PROUUCTS*INC.rSEMICONOUCTOK DIVo, WOBURNI MASS. 
93410 STtVtNS M F G o  C o o t  I N C . 9  MANSFI€LG, O H I O  
53738 TELERAUIO ENGINEERING CURPI wILKES BARHE*PENNo 
93929 G-V CONTROLS, INC.9 LIVINGSTON, NoJ. 
94145 RAYTHEON COorSEMICONDUCTOK UIV*rMGUkTAIN VIkWrCALIFDRNIA 
94875 ELtCTRO TEC CORPrS3UTH H A C K E Y S A C K r  NEW JERSEY 
95077 SENkRAL RF ITTINGS C o s  BOSTON, MASS. 
95275 V I THAMON r I NC r U l i  I DGEPOR T CONN. 
95712 OAGE ELECTRIC COO 1 M . r  FHANKLINI INDo 
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Table IV. Federal Stock Codes (Continued)  

96341 M I C R O W A V E  A S S O C 1 A T E S r I N C . r  b U R L I N G T O N r  MASS. 
96733 WESTCAP D i V o r  S A N  F E H N A h D O  E L E C T R I C  MFG. C O o r S A N  F E R N A N D O *  C A L I F O R N I P  
97979 R E O N  R E S I S T O R  C O R P o r  YONKERSr  NEW YORK 
9 8 0 5 3  WARREN W I R E  CO.. P Q W N A L ~ V T .  
98291 SEALECTRC CORP., Y A M A R O ~ E C K ~ N . Y .  
98659 COMPUTER I N S T R U M E N T S  CORP. H E M P S T E A D r L o I o r N E W  YORK 
99114  H i - T E M P  W I R E S t I N C . r W E S T ~ U R Y , N . Y .  
99120 P L A S T I C  C A P A C I T O R S *  INC.9 C H I C A G O *  ILL. 
99127 B A L C O  C A P A C I T O H  DIV.9 U A L C O  R E S E A R C H  L A B S r  NEWARK, NoJ. 
99217 S O U T H E R N  E L E C T R O N I C S  C O O *  LJURUANK, C A L I F O R N I A  
99515  E L E C T R O N  P R O D U C T S r L O S  ANGELES, C A L I F O R N I A  
99699  F I L T O R S ~ i N C . r N O R T H P O R f r  NEW YORK 
99800 D E L E V A N  E L E C T R O N I C S  C O R P r E A S T  A U R O R A r  NEW YORK 
99942 H O F F M A N N  E L E C T R O N I C S  CORP.rSEMICONOUCTOR D I V o r E L  M O N T E I C A L I F O R N X A  
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An "X" in  any column indicates that a r emark  card in column 13 
applies to the column containing the "X. ' I  

Abbreviations used on the par ts  lists and remarks  cards  are given 
in the pages immediately following this introduction. Wherever possible, 
abbreviations used were  obtained from MIL-STD-l2B, Abbreviations for U s e  
on Drawings a n d  in  Tcchnical -Type Publications. 

C .  Abbreviations Used on Parts List  IBM Cards 

1. Component Class Abbreviations 

Ca pa c i t o r  

Connector 

Controlled Rectifier 

Core 

Crystal 

Diode 

F u s e  

Ha rdwa r e 

Induct or 

Lacing Cord 

Lamp 

Microcircuit 

Motor 

Relay 

Resistor,  Fixed 

Resistor,  Variable 

Switch 

Terminal 

Thermistor  

Thermostat  

Tranoformer 

Transistor 

Ta3  3 ,  Electron 

'air: an? Cable 

CAP 

CO" 

SCR 

CORE 

XTAL 

DIODE 

FUSE 

HDW 

IND 

LCNG CD 

LAMP 

UCKT 

MOTOR 

RELAY 

RES FXD 

RES VAR 
SWITCH 

TERM 

TMTR 

THERM0 

XFMR 

TSTR 
TUBE EL 

W & CBL 



2. Component Type Abbreviations 

Blocking Oscillator BLKG OSC 

Carbon Composition C COhfP 

Carbon Film C F L M  

C e r a m i c ,  low voltage CER LV 

Choke, R F  CHOKE R F  

Chopper CHOPPER 

Clas s  1 , 2 , 3  CL 1 , 2 , 3  

Coaxial COAX 

Dual T r a n s i s t o r  DUAL TSTR 

E l e c t r o m e t e r  ELECTROM 

Fie ld  Effect T rans i s to r  F E T  

Glas s  o r  Porce la in  GL/PORC 

General  Pu rpose  G P  C COMP 
Carbon Composition 

Hookup 

Hookup, Shielded 

High -Tempera ture  

In te rs tage  

L imi t ,  P r e c i s i o n  

Low Cur ren t  

Low Frequency 

Medium Power  

Metal Film 

Metall ized Mylar  

Metal l ized P a p e r  

hl ica  

Micrologic S e r i e s  

Microminiat  u r  c , 
Pain t  e d 

Microwave Mixer  

Microwave Va ra ctor 

Mylar  

Non -Magnetic 

HKUP 

HKUP SHLD 

HI T E M P  

INTRSTC 

LIM P R E C  

L O  CUR 

L F  

MED PWR 

hqET F L M  

MET MYLAR 

MET P 

MICA 

ULOGIC SER 

UMIN, PNTD 

UWAVE MXR 

UWAVE VRCR 

MYLAR 

NONMAG 
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Paper  P 

Paper ,  Feedthrough P FTRU 

Paper, Military P MIL 

Paper ,  MIL, P MIL(K) 

Plastic PLAS 

Power PWR 

Power,  Bridge PWR BRDC 

Precision, Carbon Film PREC C FLM 

Precision, Wirewound PREC WW 

Printed Circuit Board PCB 

Quick-Disconnect Q DISC 

Reference, REF C P  

Characteristic K 

General Purpose 

Reference, Precision R E F  PREC 

Round, Multipin RD MLTIPIN 

Se ns i t ive 

Shielded Twisted Pair 

Signal and Computer SIG/CMPTR 

Small Signal S M  SIG 
Snap Action SNP ACTN 

Style 18-Dacron 96 ST 18-DAC96 

Tantalum, Dry TA DRY 

Tantalum, Wet F o i l  TA WT FOIL 

Tantalum, Wet Slug TA WT SLUG 

Tr immer  , Air  Variable TRM AIR VAR 

Trimming Carbon, TRM C COMP 

SENSTV 
SHLD TWISTED P R  

Composition 

Trimming, Wirewound TRM WW 

TUNNEL Tunnel 

Unijunction Transistor UJT 
Very High Frequency VHF 



Wirewound, Precision, WW PREC ENC 
E n  capsulated 

Wirewound, Power, WW PWR PREC 
Precis ion 

3 Package Abbreviations 

Bell, Miniature BELL MIN 

Ceramic,  Miniature C E R  MIN 

Crystal can XTAL CAN 

Diamond, Special DMND SPL 

Disc,  Standard DISC STD 

Epoxy, coated EPXY CTD 

Epoxy * molded EPXY MLD 
Feedthrough, standard FTRU STD 

Flangeles s FLNGLESS 

Glass ,  subminiature CL SMIN 

Grounding, Studmount CRDSTDMT 

Hermetically sealed HERM SLD 

Microdiode UDIODE 

Microminiature U MIN 
Plastic, molded PLAS MLD 

Rectangular, miniature RECT MIN 

Rectangular , RECT SMIN 

Rectangular, Standard RECT STD 

Round RD 

subminiature 

Special SPL 

specid, ghSS SPL GL 

Standoff, standard STOFFSTD 
St udmo u n t 

T u b d a r ,  adjustable TUB, ADJ 

Tubular, feedthrough TUB FTRU 

Tubular, flattened TUB F L T  

STDMT 
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Tubular, miniature TUB MLN 

Tubular , subminiature TUB SMIN 

4. Lead Material and Associated Abbreviations 

Aluminum 

Anodized aluminum 

Beryllium copper 

Bras s  

Copper 

Coppe rw el d 

Enameled wire 

EPOXY 

Gold 

I n s  dat ion  

Iron 

Irradiated polyolefin 

Jacket 

Nickel 

Phosphor bronze 

Plastic 

Platinum -iridium 

Polyethylene 

Rhodium 

Silver 

Stainless steel 

Tantalum 

Tinned copper 

Tinned dumet 

AL 

ANDZD AL 

BE CU 

BRS 

cu 
CUWELD 

ENAM W 

EPXY 

AU 

INS 

FE 

IPO 

JKT 

NI 

PH BRZ 

PLAS 

PT /IR 

POLYETH 

RH 

AG 

STLS STL 

TA 

TND CU 

T/DUMET 
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APPENDM B 

EXPLANATION OF STATISTICAL 
TERMS 

Often in analytical problems, functional relationships relate several  
variables; yet, specific values for  these variables may only be determined 
statistically. Such variables are  referred to as random o r  stochastic variables. 

In order  to  characterize random variables,  statistical properties must 
be available. A basic statistical concept is the probability density function. 
Consider a random variable which takes on various values of y between -a 
and +-a at consecutive instants. At any one instant, it is absolutely certain 
that y will take on some value within this range. If quantum levels of width Ay 
a r e  established along the y-axis and the number of occurences in each quantum 
level is tabulated for a total of N occurences, then the r e su l t  is the familiar 
statisticians histogram. Figure B-1 shows how one might form a histogram 
from a sampled function.4 In Figure B - l a  beads on a wire represent sampled 
values of y(n) for different instants; each wire represents  a quantum level. 
The bead rack is then tipped i n  F i g u r e  B- lb ,  f0rming.a histogram, Figure B- lc .  
As the width, Ay, between wires becomes infinitely small, the number of 
samples,  N, becomes infinitely large, and if  the function y(n) depicts a 
random variable, then the histogram becomes a probability density function 
of y(n) which may be designated as p(y). 

Probability density functions a r e  normalized so that they have unit area; 
that is 

+a3 

-Q, 

The infinitesimal a r e a  p(y) dy is that fraction of values of y(n) which are  i n  
the interval y to  y t dy. This a rea  is referred to as the probability of y 
occurring between some y and y t dy. The probability of y occurring between 
the values a and b ,  which is often expressed as P(a S y  S b ) ,  may then be 
written as 

b 
P(a (y S b )  = s p ( y )  dy. (70) 

a 

Then, P ( - a C y  I 00) = 1 (is a certainty) f rom Equation (69). Since the measure 
of probability is a positive number f rom 0 to 1 , the function p(y) cannot have 
negative values. 

The probability density function of a random variable is especially 
important because most all of the other statistical parameters  may be derived 
from it. 



Y (n) AS B E A D S  
ON WIRES 

ORMING T H E  
HISTOGRAM 

I6322 

Figure B - 1 .  Formation of a H i s t o g r a m  
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One useful class of parameters  may be obtained by taking the scaler  
product of p(y) with g(y), where g(y) i s  a function of the random variable y. 
This operation may be expressed by the relation 

Where g(y) = ym, Equation (71) yields the nth moment of the random variable. 
The most familiar moment is the f i rs t  moment ( n  = 1) which is also known a s  
the mean or average value of the random variable. Where M i - i s  designated 
a s  the f i r s t  moment, 

00 

M1 = J Y P(Y) dY * (721 
-m 

Other useful parameters  which may be obtained from Equation (71) a r e  
the central moments. The nth central moment is obtained when g(y) = (y - Miln .  
The most familiar central moment is obtained when n = 2 ,  yielding the variance, 
V, of the probability distribution 

a0 

V = (y - M i l 2  P(Y) dy - (7 3) 
-m 

The square root of the variance is known as the standard deviation; to 
electrical  engineers it is  known as the RMS value of the random variable. 

by setting g(y) equal to the complex function eiyu. 
The characterist ic function, C(u1, of the random variable is obtained 

00 

C(u) = eiYu p(y) dy . (74) 
-ob 

This operation will be recognized as  a Fourier  transform. The characterist ic 
function is useful for specifying the number of quantization levels required 
for sampling data. 

Another function use fu l  in  statistics is the probability distribution 
function of y which may be designated a s  P ( Y )  and defined by 

Y 
P(Y) = P(-a ( y  sY) = l p ( y )  dy . 

-a 

Conversely, the probability density function may be defined a s  the 
derivative of the probability distribution function. 

d 
p(y) = - P(y SY) . 

dY 

(75) 
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The concept of probability density functions and probability distributions may 
a l so  be extended to multiple random variables. Consider the two-dimensional 
space of x and y. There exists some probability that a point i n  the x ,  y plane 
having coordinants x and y l ies  in the region where x I X  and y SY. This 
probability may be expressed as P(x CX, y SY), a joint probability distribu- 
tion function. A joint probability density function may then be defined as 

P ( x c X ,  y s Y ) .  
a2 

p(x, y )  = - ax ay 

It follows that 
x2 Y2 

Also, 

(77) 

A joint probability density function may be reduced to a probability density 
function of one variable by integrating over the entire range of the variable 
to be removed. 

Joint probability density functions may be extended to the case of k-dimensional 
random variables. 

A problem often encountered (such a s  the subject of this report)  is, 
given a functional relationship between two variables,  such a s  y = f(x) where 
x is a real  random variable defined by a probability density function, determining 
the probability density function of y.  

Consider a function of which maps each point x of sample space A into 
one and only one point y of sample space B. Then each se t  of points in A, 
x(S), corresponds to a set  of points in B,  y(S). The probability of obtaining 
each point of y(S) i s  equal to  obtaining the corresponding point of x(S). Where 
y(S) is a set  over all of region B forming the line segment which is the range 
of the random variable y,  the probability of obtaining a sample point f rom 
region B i s  the integral of the probability density function of y(S) defined over 
the range of B and also equal to  the integral of the probability density function 
of x(S) defined over the corresponding range of A. Then, 

o r  
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W h e r e  x can  be e x p r e s s e d  as  a function of y ,  such  as  x = g(y) ,  then p(y) m a y  0 be e x p r e s s e d  in  te rms  of p(x) by a change of va r i ab le .  5 

w h e r e  the  Jacobian,  J, is dcf inedby 

Then ,  f r o m  Equat ions ( 8 2 ) ,  ( 8 3 ) ,  and (84), 

T h i s  technique m a y  be extended t o  functions of mult iple  random var iab les .  

The probabili ty densi ty  function, p(y) ,  may also be obtained by  using 
Eqiiation (75). I n  t h e  c a s e  -,:here y = f(x) is a XonDtcnic increas inn  b fllnction 
as x i n c r e a s e s  posit ively,  

( 8 6 )  
d d 

p(y) = - P ( 4  '-y 5Y) = - P{-x: 5 x  5 ( Y  = f ( X ) ] )  
d Y  dY 

Th i s  technique may a l s o  b e  extended t o  functions of mult iple  r andom variables. 

When a new random var iab le  A S  equal t o  the  s u m  of two independent 
random va r i ab le s ,  a s  y = si t X L ,  the probabi l i ty  densi ty  function of y is 
g iven  by  the convolution of the  probability densi ty  functions of x i  and  xz.  
This tnay be shown by extending Equation ( 1 7 )  to include the two-dimensional 
c a s e .  L e t  y and  u b e  defined a s  functions of xl and x2.  

Then ,  

x r = Y - u ' \  - 
"1 = u I 

B -5 
(.% .c 



Equation (85)  becomes 

so 

Since xi and x2  are  independent, 

P(X1 Y x2) = p(x1) P(X2) 

by the theorem of compound probability. Then, 

By Equation (SO), 
00 

P(Y) = J p(y - U )  p(4 du. 
u= -ob 

This integral is known a s  the convolution integral. 

4 
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